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APPENDIX A

POTENTIAL ARARS FOR THE SITEWIDE
TREATABILITY STUDIES PROGRAM

Title

Table A-1 Potential Site-Wide Chemical-Specific ARARs/TBCs
Groundwater Quality Standards

Table A-2 Potential Site-Wide Chemical-Specific ARARs
Federal Surface Water Quality Standards

Table A-3 Potential Site-Wide Chemical-Specific ARARs/TBCs
State Surface Water Quality Standards

Table A4 Rocky Flats Plant Site-Specific Discharge Standards

Final Treatability Studies Pian
Rocky Flats Plant, Golden, Colorado
EG&G/TSP/22499/R2.TS 08-27-91/RPT

Page

A-11

A-2.1

A-3.1

A-4.1

June 3, 1991



1-1-v efeq 66¥Z2IdMISNLOTV1I6-31-50 1M L-VI2H/66¥22/dSL/DBOI

relsiy wnien
Bn o1 vén o) yBn ol bng bng vBn o1 eley wniwpey
yBn ool eleN wnifseg
Bw o1 10T yBw g} 1o wnireg

eI A dluesty

[LETY 111 d1uesIy
1/Bn 004 ¥én o5 vbn og yBn o5 [elepy ajuesiy
Jelo Auowipuy
ybw o'g JBwggos00 LT wnuwngy
116w o52 . /6w osg uoiuyy THT
uojuy wnissejod
6w o4 [Bui gy 1yBuw |Bw ) uojuy oJLNIN s N
6w 004 ybw o} /8w o1 uojuy SININ+OIBNIN SB N
yBw 0'01 /Bwi o1 uoluy elenIN se N
bw g ybw p yBuw p LBul g °|/Bui uojuy epuonid4
1/Bw o5z « I/Bw 052 uojuy epiio|yo
uojuy ejBUoqiB)
uoluy ejpuOqIEOlg
(1) yBw ooy « I/Bu 005 loyeaipu) spljog peajoss|q Jelo],
ie)auieied pjei4 einjeiedwa]
1e)eweIRd piold 80UBIONPUOY) dlIoeds
§'8-5'9 $'8-9'9 « §'8~G'9 10)0wWeIRd plold Hd
1eloweled plotd uaBAxQ peAjossiq

prepuelg SAL [e:mynouby  Bupjuug YyeeH epimelelg (0) (a)sogaL (e) @ (&) edA} lejowereg
Arepuodeg uswinH 99V (v6'¥92 "49 ov) [eos 1eon sogl lone
v eiqeL galqet Zolqe} } 8|qey s8jqe) nwry Joney leAeT [oAeT Weujweuon
(p) spaepurelg Ajfenp J8jempunoln 9O0M HAD UONJBAUSOUOD  JUBLIWEIUOYD JUBUIWEIUCY)  JuBLIWBIUOYD wnuixew
4 vedgng winuwixep wnuwixepy winwixepw vmas
VYHOY YMas YMAs YMAs
(3081) SQHVANYLS A1V.S SAYHYANVY.LS TYH3Q3d

SAUVANVLS ALIYND H3LVMANNOHO
$081/SHVHY O14103dS-1VIIWIHO 3AIM-31IS TVILN3LOd

-V 31gvl




2-1-v ebeg 66¥22/dM/SNLOTVIE~21-S0 1M’ I-VIZH/E6VEZ/dSL/ORO3

epijonuoipey L1 wnsen
epljonuoipey L2 winloLiewy
6w 02 yéw g LBws eI uZz
¥6n ool el wnipeueA
relenN ussbunj
|e1eN wnjuei}
L2144 ul
(B wnjjreyL
re1lon wnipog
/bn og v6n og «I/Bn 001 y6n 05 el 1eAllS
¥bn o2 y6n o1 ybn ol 1/6n 0§ BN 05 ¥Bn o1 lelolN wnjuejes
1Bn 002 e1sN 19%9IN
el wnuepgAjon
iBn o yBng yéng ¥Bn g yen g e1loN Ainole
y6n 002 17Bn os « /B0 0§ felon eseuebuepy
reeN wnjseuBew
¥Bn oot vBn og ybn o5 ybn og reyon pee]
ybwg Bn ooe « /BN 00E (LT uoij
6n 002 1o epiuei
ybn 002 ybw 1 « B g felepy ieddog
1/6n 05 eI eqodn

el IA wnjwosyy

el 11l wnjwoiyo
v6n 001 v6n og vbn og v6n 001 v6n oo} ybn og el wniwoiyo

prepugig saL feamnouby  Bupjuuq Yo opimelels ) (@)soaL (@) (@ (e) edf} lsjswivieg
Asspuooes uewny g3V (veyezHdOO0p) 20D [e0D so8al 1era
¥ oiqey g ejqel g2ejqel L ejqet se|qs ) nwny 19Ae7 1o laAe WweulweUoD
(p) spiepue)s Alijenp Jejempunoln DO0M HAO uoneNUsIUs) JUBUIWBIUOY JUBLHWEILOD  juRUjWEBlUOY wnwixew
4 Hedqng wnwixew wnwixepw wnwixew vMAas
vHOd YMas YMQs VMAs
(s0d1) SQHUVANY.LS J1ViS SAHVANV.LS TvYH3a34

SAHVANVLS ALIMVYND H31VMANNOHD
$08.L/SHVHY J1d103dS—TVOIW3HO 3AIM-31IS TVILNILOd

I-v 31avi



€-1-v obeq

66¥TC/dMISNLOVIE-91-G0 INM’ L-VIZH/E6¥Z2/dSL/DROI

ojeIoA euouBXeH-g

ojejoA suouBINg-~2

1/Bu 095 I/Bno bng Bjl1BjOA suedoidolojyaig~g't

vbn oz 16n ool I/6n oot 8jiiejoA (suen) sueyrecio|ysia-2‘+

¥bn oL vbn oL vén oL o[NBIoA (s10) eusipeoio|yolg~2't

yong ibn o bng e{leoA eueYle0I0|yANa-2'}

1/6n gz o[nejoA euBLe0IOlYILL~2 L'}

o[lejoA eueyleolojyoenat-g'z'+'lL

1/6n oo 1v6n 002 ¥bn 002 o|liejop euBLe0IOIYOUL- 1L L

/6n 2 1/6n ¢ 6n £ LT Y eausye0ioyoIg-L‘}

|liejoA euBye0I0YIIQ-}'t

epijonuoipey (re103) winiuein

epljshuoipey 8€2 whjuein

epijonuoipey SE2 Wnjuein

epijonuolpey YEZH+EET WnjuBIN

(@nod 0000z (€) 110d 000'02  epionuolpey wnpuL

(@) nod og eplionuoipey ZET+0EZ Wnyoy

@mods (€} 1nodg  epyonuolpey 06 wnpuong

(@wmods nodg  epiponuoipey 822+92C wnipey

(2) 1nod g1 epljonuoipey OvZ+6E2+8E2 WnjUoIn|d

(inod og)

Hjwelw ¢ Ajwesw ¢  spjjonuotpey Blog 88015

1nodgi yind g1 epionuoipey vydy ssoi1n

(@)inod og epljonuoipey $21 wnisen

piepuelg saL jeimynouby  Bupuug WileeH epimalels (@) sogL (®) (@) (e) edAt lejeureled
Arepuooeg uswnH agy (¥6°¥92 H4D oF) [eon [e0n sogl 19A67
v ojqe) € o|qel 2 ejqe) | e|qel sojqe] [eAen] |ene] (2] jueuWIBILOD
(p) sprepueig Ajjenp 1ejempunols J0DM HAD jueulWEUO)  JUBUIWBIUOD  JuBUILIBILOYD wnwixew
wnw)xep winwixew winwixepw vMas
ymas YMas vMas
(8081) SQUVANVLS 3LVIS SQYVANY.LS vd3a3d
SAHVANV.LS ALITVND H3aLVMANNOHD
$O8.L/SHYHY O1d4103dS-TVOINIHO 3AIM-3 LIS TVILNILOd
-V 3navi



¥-1-v sbeg

66¥22/dMISNLOTV16-91-S0 DIM'I-VLIZH/66¥CT/dSL/ORDI

8JejoA auelkd(pa-g‘2’ 1Jouspuj
8ji}e|oA seueylewoleH
8{IBIOA sJjelyeoleH
8|ljejoA eusyiueIoNn|4
I/6n 089 ybw L0 6w L0 enBIoA suazuag U3
STLIGTY aueyjaWOoIOYIOWOIqIQ
efeIoA euedoidolo|yaiQ-¢’ 1-s10
EINLIETN suBYIBWIOIOIYD
1/6n 001> i/6n 001>
»sANHL 0L «sWHL101 8[leIOA uuojololyo
) o[iiejoA CLENELT )
/Bn ooe /6w 0 /6w 10 a|llejop (ouow) suezueqoiojyn
8|nejoA seuazuag peleuLIOYD
o[nejoA suByoWOWOIg
a|neloA wiojowolg
CINCICTY eurYyjewaoIofoIpouiolg
o)eloA euayjueionyy)ozusg
ohejoA suelhled(i‘y'Blozueg
8]11eJoA ausyueiony(g)ozueg
BlIBIOA susaiid(e)ozuag
o|le|oA suedvIylue(ejozUsg
yéng ybw o iéng 8j1BJOA euszueg
6|13BIOA 8u0}edy
ajneiop ouourjued-Z—|ALpON~Y
prepuels sQl  fesmnauby Bupunq yijeeH opimelels (0) (@) sogL (e) (a) (e) odAL lejpweied
Krepuooeg uewiny aryv (v6'¥92 W40 oF) [eony leon s0gL 1Ao7
velqel € o|qe) g ejqel 1 ejqel se|qel nwy loAs7 19A87 1oA87 ueuwRU09
(p) spiepuelg ANfenDd ieyempunois 9O0M HAD UOHEBAUBOUOD JUBUIWEIUOD JUBUIWEIUOD  JUBLIWEIUOD winwixepw
4 uedqng wnusxep winwixepn wnwixepw vmas
vdoH YM3s vmas vmas
(s0€1) SQYYANVLS I1V1S SAHVANVLS TvH3a3d

SAHVANVLS ALMVND H3LVMANNOHD
$O81/SHVHYV J14103dS—1vIIN3HO 3AIM-3LIS TVILNILOd

I-v 31avi



S-|-v absd

66¥ZZ/AM/BNLOVIS-91-50 INM'I-VI2H/66+22/d54/6%D3

o|nejoA~IWesS jousydoiN=-2
e|IBjOA-IWes oUljIUBOIIN=-2
ajijejoA-1wes lousydi{yien-g
e|nBjoA-IWIeg eusfelydeuifyion-z
ojHeIOA~- WS loueydoiojlyo~g
o|BIOA-IWag ausjeyydeuoio|yo-2
ojiejoA-Iweg eueZUBqOIOIYIUL-1'2 |
yBn 6L uBn gL yBnss  epejoA-jweg (esed) euszuegoiojyala-#'}
vBn oze e|lejoA-lwes (w10 suezuaqoiojyoiQ-£‘L
\/6n 029 bwgo /bw g0 ojBjoA-|Wes (oyu0) euszueqoio|yalg-zg‘L
8iliejoA ey JAUIA
ybn g I/Bn o ybng e|lBIOA eusyjeoiojyouL
S|1BIOA seuBYle010|yolu L
8]11B|OA suedoidoio|yaq-¢’ L—sued}
I/Bur o yBw ot o|lIejoA sauelAX BI04
ybn ol 1/6n ¢ I/Bng ofl1e|0A aueyjeolo|yoene ]
8|ilejoA goueyjeoiojyoele |
ybw Lo yBw 10 o[1RjOA ouailis
ojnejoA suelhd
SUO(IBI0IPAH
8|118|oA oljewoly Jesjonukjod
ybn 8|lBjoA Jousyd
LI[11:71e7,0 susljueueyd
ejejoA epliojyD euslAiey
plepumls saL  peamnouby  Bupjuug Yo epimelels ©) (@) sogL (e) (@) (e) odAj lejeweied
Krepuodeg uewnH azyVv (v6'¥92 YD oY) [eon [8on sogL jeaeT
¥ e|qet € ejqe] 2 el|qel | ejqe) se|qel nwnry |eAen jene |oAeT JueujwEIUOD
(p) spiepuelg All[eND 18]BMPUNOIY DOOM HAD uojjelluaduos) JUBUIWEIUO, JuBUItIEIUOD  JUBUIWEBIUOYD wnuixep
4 uedqng wnuixew winwixew wnwpew vYMas
vHOH VMAs YMAs VMas :
(s081) SQHVANVYLS ILVIS SCQHYANVLS TvH3a3d

SAHUVANVLS ALITVND H3LVMANNOYHD
$08.1/SHVHV Jid103dS-1VOIWIHO 3aiM-31IS TVILNILOd

-V 318vl



9-1-V obey 66PTZIAM/ISNLOVIE~B1-S0 XM I-V12H/66¥Z2/dSL/D8D3

olliejoA-iiog PRy ajozueg
ibn Lo vbugo a|lejoA-IWeg eulpizueg
ybng ybng 8|jejOA-{les eujzeny
o|lje|opA~-lwosg eueseIyjuy
ybug elljejop-luleg uuply
ejlie|oA-Iweg ojlinuolAioy
o|ljejop-itues euojeay
8|lB|OA~ILIOS suapydeussy
ojlejoA-lwes lousydiAyiew-g-oiuid-9'y
e|hejopA-lweg lousydoniN-t
8|lje|oA-Ileg auliveoNIN-t
e|ije|oA-IWeg lousydiAyiep-t
e|lBloA-1wag 1ousydiAuiew-g-0io|yo-v
o|BjOA-IlIag 1oup3 |Ausld [Kueydoio|yo-v
e|lle|oA-IWaeg euIfIue0IOYO-
8jl)B|OA-IWeS ieyejlusyq [Ausydouioig-y
o[l}ejOA-(Uieg euipizuaqololyoia-¢'e
ejliejop-jwies SUHIUBOIN-E
vbnoz aejop-lwes {oueydolojyol)1-9'y'2
¥bn 00 9|lBIOA-|leg Joueydolojyoli-g'y'e
elBjOA—IWag auen|ojoNuId-¥'2
a|lejoA—1weg Joueydonuig-y'g
ojnejoA-tueg tousydifyieung-p‘2
bn 12 8|BIoA-IWeS loueydoiojyoiq-v'2
piepuels §Q1  jermnouby  Bupjuug WjeeH epimelels (9 (@) soaL (e) )] (&) odAy 1ejewrred
Krepuooeg uewny a3V (ve'¥82 Y40 oY) leon [eon 8081 lene]
v eiqeL ge|qel g ejqe, 1 ejgqe} se|qel uwiry 1ene 1oAeT joAeT Weulweluoy
{p) spiepuelg LjBNYD JelemMpunois) 300M HAD uoljeNUedUC,)  JUBURUBINOY JUBUIWBIUOS  JUBUIUBIUOYD wnuixew
4 uedgng wnwixep wnwixew wnwixepw YMAas
vHOd YMAS YMas YM@s
(s0g1) SAUVANYLS 31V1S SOHYANYLS Tvd3q3d

SAHVANVLS ALITVYND H3LYMANNOYD
$O8.L/SHYHYV J14103dS-1VIINIHO 3AIM-31IS TVILNILOd

-V 318Vl



2-4-v ofeg 66¥ZT/dM/ISNLOVI6~9L-50 IIM I-VIZH/66¥CT/IdSL/D9OT

6[1IBOA-{S ayejeLIydifi0o-u-1q
ajne|oA-IWeg euanjojoniulq
ejlejop-ues erepyydifing-u-1aq
ejiieloA~-IWoeg arereyiydidyoung
s{iB|OA—flliag erefeaudiinialq
ybug ejllejop-lwes uuplela
effle[oA—-{Wwag suByjewioloN21qg
o|ljejoA-IWeS ‘ssusivolioydiq
o[llejOA-1tes eulpizueqoioiyiq
ajljejoA-1Weg seuazusqoloyoIq
o|ejOA-Wes auevBIyUR{Y'B)ZUSqIQ
CIRLIGYTETS ueinjozuaqgiq
ellR[OA-1Weg aq.) enjoqersw 1aq
allejoA-Iwaes (3aq) euioqelew 1aQ
y/6n 10 s[B|OA-1WeS 1aa
vbn 1 ojielOA-tweg Jousydosopo
VBneoo I/Bng DL ITET euepIo(YD
o|le|oA—tWeg sieyiellxieoiolyo
o[IBjOA-lteg seuejeyidenN pelBuLIoiyD
ojne|oA-1Weg sieyi3 pejeulolyo
e|nejoOA-IWeS seuezueg peieuiioiyd
ybng 6w o ibng  eejop-lwes epuojyoeie) uoqien
elejoA-Iwes epyinsiq uogien
a|iejoA-1WeS eyeeyydiizueg ing
ajejoA-Iweg eefelyd(ifxeyipa-zisiq
o[liejoA~IWeg 1eyie(jfdoidosioioyd-2)siq
ibu og olliBjoA-IWeg layie(jAtpeciojyd-gisiq
o|ejoA-|Weg surylaw(Axoyieoio|yn-g)siq
olleloA-{wes [oyodly |Azueg
piepuels sglL jeimnouby  Bupuug yifeey epimelels () {q)so8L (=) (@) ® adf) lejoweied
Krepuodeg uewiny g9V (r6°'v92 110 oF) [eon jeos soglL lenen
P e|qey € ojqel ZegeL | 8jqey se|qe] Hwi {ene 18A07 {ene7] JuBUIIBIUOD
(p) sprepuels A}[BnD 18]BMPUNOCIY DOOM HAD uonBIIUGOUOD  JUBUIWEBIUOY JUBUIWEBIUOY  JUBLIWEBUCD wnuwixew
4 uvdqng wnwixep winunxew wnuxew YMQas
VHOY vMas yMas ymas
(s0g1) SQHVGNYLS 31ViS SQHVANYLS vH3a3d

SAHVANVLS ALMYND H3ILYMANNOYD
$08.1/SHVHYV D1d4103dS-TVOIWNIHO 3AIM-31IS TVILNILOd

I~V 31gvi



§-1-v obed 66¥2T/AM/SNLOVI6-91-50 INM'L-VLIZH/66$22/dSL/D%DT

ybug vBn o ybngo o|nejoA-Iueg $g0d
o|lle|oA~iwes eujwejAdoidip-u-1p—-osoRIN~N
ejljejop-1Weg sujwelAuaydiposolIN-N
ojljejoA-IWIog aupljouAdosoniN
8|ejoA-lwes oulWeAY1aWIPOSOIN
o|BjOA-IWieg oulweAY}o1posSoN
oIRjoA-Iuleg eulwelA)nqIPosonIN
o|NB|OA-IWeS SBUIWBSONIN
o|nejoA-lwieg sjouaydoiiN
ybnge 8|NejOA~IWIBS 8UeZUSOIIN
8|ejoA-{Wag euselydenN
1/Bn ool /6w $0°'0 1Bw $00 I/Bw L'0  olejoA-IWIES JojyaAxoyle
w01 oneIoA-1WBg euoloydos)
ajejOA-IIes eUBY}20I0|YoBXaH
ojiBjoA-IWOg  [BOIUYIS] ‘@UBX8YOJIK00i0jIEXSH
yény Bngo iéngo yén ¢y slnejop-tweg ey (euvpurl) ‘euexalo|24s0.i0)oeXaH
e|llejop-tWog Blag ‘euBXayoioAo0Io|yoexeH
sjliejop-IWeg BYdjy ‘euexayo|ohooiojyoexeH
i/Bn ey o{llRjOA-IIGS susipejuadolofooiojyoexaH
16N ) CINUTLY ST sualpeINgoIo|yoexsH
1Bn 20'0 o[lle|]oA~-1Wog auszuaqoiojyoexay
Bu ¢ /Bn o 6nzo afilejOA-IWBS epixod3 iojyoride
ybug yBno ubnyo ejejoA-{weg lojyoridey
yBw QL0  e|nejoA-1weg sauByawiojeH
ojIRjOA-1UIOG auaion|4
ojejoa-iwles 8U0}8)y| ulipuy
ybngo ¥Bnzo  enElOA-IWeS uupug
e|ejoA-iweg olejing ugjinsopuz
sHilejop-lWag 1) Uejjnsopug
sjiejoA-lweg | Ugjjnsopu3z
ojliejop~lueg uixolg
prepuels §ql [eanynouby  Bupuug Wheey epimelels (0) (a)soat (v) () (®) edA| lajewered
Arepuooeg uewny g%y (v6'v92 YO OF) [ecn leocn sogL |8A87
v 8|lqel € o|qel c9o|qel L ejqej se|qel i 1eAs7] |1oA87 18A®7 jueulWEIOD
(p) spiepuelg AlljenD 1eyempunolg D00DM HAD UOIIBJUAOUOD  JUBUIWEIUCYD JUBUIWELOD  JUBUIIBIUOY wnwixepw
4 Yedqng wnwixepw wnwixepw winuixew VMQAs
YHOd YMas ymas ymas
(s081) SQHYANYLS 31VLS SAYHVANVLS Tvd3a3d

SAHUVANVLS ALITVND HILVMANNOHD
$081/SHVHYV 214103dS-1VIINIHO 3AIM-3 LIS TVIINILOd

-V 31gvl



6-1-V obed

66YTC/dM/ISNLOVIE-91-S0 IMM I-VLIZHI66¥TTIdSL/ORD3I

0661/1 1/6 popuatue £861/6/L (8~200L HOD §) 0°LL'E “J8IEM PUNOIY 10} spIepuelg dlsegq oy ‘Uolssiwiwod |0Ruod AYfend 10l m/HAD (P)
8861 18NBNY '900/68-D/0FS/Vd ‘|ENURK SMET 12410 Yum saue|jdiiod YOHID '¥9.8 Y S5 elquieeld dON 00€ H4D ot ‘dON (0)

(92s€ s018100H f8I6PaZ 9G) 2661 ‘08 AINp @ANSeYT ‘e|ny [BUId ‘EF L ‘2Y) ‘Lv| SUed YO 0F ‘suonenbey Jejepm Bupjulig AJepuodes pue Asewld feuonen vd3 (a)

(0661/5 J0 SB) £FL HAD 0F PU® Ly | YD oF ‘suonejnbey toyep Bupjunq Arepuooeg pue Liewlld jeuolieN vd3 (e)

“IAjWelw ¢ PesoXd 10U jjeys MOLIBW dUO( O} SjusfeAinbe 8sop [BNUUR SBY] JO Wns ‘juesaid e1e wWniy pue g6-wnpuons Yioq ji (g)

(p) ut 2(0)g"11°€ "00s 888 ~ spIEPUB]S BpljonUOIPEl (2)
(p) ut ¢ e1qe | ees - prepuels sal (1)

UOISSIWILIOD [0QUOD ANIEND 18JBM = DOOM

10V Jeyem Bupjunig ejes = YMAs

19V AJeAooey pue UONBAISSUOD 80iN0saY = YHOH
yyeeH jo uewyede( opeiojog = HAD

BUBLIBLUIOIONYI0WOIGIP ‘BUBYISWOIONIIPOWIOI] ‘WIOJOWOI] ‘ULIOJ0IOIYD :SouRyjewoleyl) |80} = ,,
0DE L 810j0iotj) ‘|oAs| JUBLIWEIUOD WNWIXew KIepuodes = ,

318V1 JO NOILVNV1dX3
wbnzg yBn o ybnz elnejop-lwes aploIyD AU
ybng ¥Bno Bng 8|llelOA~IWoOg euaydexo]
ybw 2gp'2 yBw | bu ¢ ejliejopA~iwaeg eusnjo}
eJlejoA-uleg euizew|s
8|ejoA-twes 810183 elejeliyd
Iv6n 002 o|liejOA—~lWag |Jouaydoiojyoejuad
alijejoA-1WaS seuey)g pereulo|yoejued
prepueig sq) Jeamynoufy  Bupjung Yoy apimerels (a} sogL (®) (@ (®) adA} lajeuieied
Kiepuodeg uewny asy (¥6'v92 14D ob) [eo feos sogl [9Ae7
¥ e|qel g ejqe) g olqeL I ejqey sejqe] lenen 1eAd7 tene JUBUWIEIUOD
(p) spiepuels AlenD 18lempunols DODM HAD jueuiwejuo) JueUlWEIUOD  JUBLIWEIUCD wnwixew
wnunxep wnuixepw wnwixew YMAas
vmas vmas vMmas
(s0d.l) SAHVYANVYLS ALViS SAHYANY.LS Tvd3a3d

SAHVANVLS ALINMVYND H3LVMANNOYD
$08.1/SHvHV O14103dS-1VIINIHD 3AIM-3LIS TVILNILOd

-V 318avi



§~2-y abug

66¥Z2/dM/SNLOTI6~81-G0 INM'2-VL2H/66+22/dSL/DRDI

(LR yeqoo
yén og ubn 1y ubn gl 10 1A Wniosyo
/Bw geve ybw oz} ybnolz vBw £} LET ili wniwoiyo
1/6n 0oL /6n 004 16n og LT whiwoiyn
' e wned
ybnor (€)ybnyy (€)ubnee bng ubng vbnoi el wniwpey
»aliBU L)L »sl/BU g9 ybneg 1/6n oet (LTI winjifieg
/Bw ybw reloy winyeg
iybn gy yBn ogg el A dluesiy
v6n o681 I/6n oge 1o 1li O1uesly
ybu gLy wbugg yBn o5 eI ouessy
Bw gy ybngy) ybw gy Bw g jeleN Auowmuy
#/Bw 2001500 el wnuwngy
« /B 052 uotuy ejejing
uoiuy WNISSBI0d
VB y VB | uojuy eJLIUN se N
Bui ot yBw o uojuy oJIN+OIeNIN SB N
ybuw oi yBw o} uojuy olenIN se N
bw #Bw Z ‘ybw uotuy eplinojd
« i/But 052 uojuy epuoyo
uojuy ejsuoqien
uojuy ejeuoqIBOIg
¥Bw ogz ss ss » I/Bw 005 lojealpu| spijog PeAjossiq [ejol
SS $S Jejeweied pleid eimeiodwa]
1elsweled piaid eouBlONpUO) olldeds
6-9'9 «G'8~5'9 l8)oweied pei4 Hd
1Bw o' i8jeweiry ploi4 uaBAXQ peAlossIq
Aluo uonsebuj onjeA enfeA (q)sogL ®) @) (e) edA lsjoweied
uvopdwnsuo) ysi4 QUOIYD enoy [1:1e15} [120] 5 sDgl YR
ysi4 pue i8jem [CLE: ] CLG] {one7 Wweujwejuod
{0) YjeeH urWNH Jo UONOBI0IG (0) o417 onenby JUBUIWEBIIOD JUBUWEIUOY  JuBUILIRIUOD wnuwixew
10} BUBID AN[BND 1818 M JO uoNVBY0Id 10} DOMY wnuixep wnuwixew wnwixew YMas
VMO VMO vMmas VMas vMmas

SAHVANVLS ALIMVND H3LVYM 30V4HNS Tvd3a3d
SHVHY J14103dS-TvIINIHO 3dIM 31IS TVILNILOd

¢-v 3Iavl



2-2-v obeg 66¥ZT/AMISNLOTVI6-91-S0 INMT-VIZH/66VZZIdSL/OPOI

aplionuoipey 2Ee+0Ee Wnlioy |
(Shimnodg  epionuolpey 06 wnyuong
nodg  epljonuoipey 822+922 wnipey
epijonuoipey Ove+6£2+8€2 Wnijuoinid
(110d 08) Mhjwaiw ¢ apionuoipey elog 88019
nodgk  eplionuolpey eydjy ssosn
epijonuoipey ye1 wnsen
apljonuoipey g} wnse)
apijonuolpey 1y2 winoLewy
(€)wbn ol () wbn 021 « B g Jelepy auiz
[e1eiy wnipeuea
el uesbuny
1elol wnuep|
(3] ulL
vBn gy ybngr (1) yBnov (1) ybw 1 1oy wnljjey L
I8N wnipog
I/Bn og I/6u 021 (e)ybn L'y «1/6n 001 \/6n o5 [elep el
bn o} bn ge 1/6n 092 6n og 1/6n og Iy6n o} eley wnjus|eg
v6n oot UBnger  (g)ybn ogt (€) vBur vy e 19%9IN
: relen wnuepaAjon
\/bu gp1 VBu pp) Wbuzy ybny2z bng yBng elen Amnasep
17Bn 001 /6n o5 .« /6N 0S lelopy eseuebueyy
fele wniseuBep
ybnog (e)uBnze (e) ybn zg Bn og elopy pee
6n oog ybw ot « BN oog leley uoyj
v6n ooz ¥bnzg'g bngz Qe epiuef
(€} ybn 21 (€) yBn 81 . By een leddop
Aluo uopsebu| anjea onfep (9) sogl (e) (a) (&) edA| 10)8WwiBdg
uondwnsuon ysiy oluoyn anoy jeon reon s081 |eAeT
ysi4 puB 1018 M 1ere fene] jeae] JUBUIWEBIUOD
(0) YyBOH UBWNK JO UOKOBI0IY (9) @317 onenby juBUlWEBUOD JUBUIWEBIUOY  JuBUIWEIUOD winwixepw
Joj eyl Anjenpd Jeyem JO UONY8JOId 10) DOMY wnwixep wnwixep wnwinep vMas
VMO VMO vMas vMmas vMas

SAHVANVLS ALVND HALVM JOV4HNS TvH3Ia3d
SHVHYV J14193dS-TVOINTHO 3AIM 31IS TVILNILOd

¢-v Iavl



€-2-v abeq

66¥22/dM/SNLOT/LI6-91-60 INM'T-VIZH/E6YCL/dS 1/OROT

ajije|oA sueylswowoig
o|11.joA wojowolg
Of(1B[OA eusylewoiojoipowolg
o|ne.joA susjuriony(y)ozueg
alneIoA eusjhied(I‘'y‘Blozueg
TN auetueiony(qlozueg
ajlye|oA susiAd(e)ozueg
ojile|oA eueorIYyjuR(B)OZUSY
«s /B0 op «»1/BU 099 (1) yburg'g ybw o ybng e[nejoA euezueg
O]l1B[OA auojedy
8|liBjoA suouejued-z-{AyieN~v
8jlJe|oA auouexeH-g
ojije|oA euoueing-2
(1) B L' (1) ybw gz yBno ybng e|eloA auedoidolojyaia-2't
I6n oot ¥Bn oot aeloA (suen) eueyjeoiolyolq-z'+
16n o/ ¥Bn oL B|NBjoA (s10) eusjjecio)yaig-z't
«2 /BN ¥ «sBuove (1) ybw oz (1) yB gy ybn o vbng a|e(oA euB}6010|YoIg-2' |
«aBN g LYy «sBu009 (1) VBw ' o|iRjOA QUBLROOIOYOUL-C' L'}
«sBn L0l «BuoLL () yBw g o[nejoA eueLpecio|yoeNeL-g'z L't
ubeot 6w gy I76n 002 vBn 00z ejne|op euByIBOIO|YOUL~L L L
ybn L ubn £ ollBIoA euetpeololyaig-1'l
e|nejop euBYle0I0[YoIg-1‘}
epijonuolpey :w«o& wniuein
ob__uzzo_—vmm 8£2 wnjuein
apiljonuoipey Gge wniuein
epljonuolpey VET+EET wnjueIn
(§)inod 000’0z epionuolpey wnpug
Aluo uopseBu| enfep enfeA (a)snalL (e) (a) (e) odAL iejeweled
:o_uaE_._w:oO ysi4 aluosryn enay jeod |eot 804l [eaen]
ysid4 pue Jejem jeneT |eAe7] joaeT] jusujwejuoy
on YijeaH uBWny JO uoO810Ig on an o_~G:U< jueujweluod juBUlWRIUOD jueuiweluO) wnuixew
0§ BUB)ID b__u:O jojeM §O UOIJ0e]04d 10 JOMY wnwixepw winwixepy winwixew YMas
YMO VMO VMas vmas VMas

SAHVANVLS ALITVND H3ALVM JOV4HNS TvHIa3d
SHVHV J14103dS-TVOINTIHO 3AIM 31IS TVILNILOd

¢~V Igvi



y-Z-v obed 66¥ZT/SMISNLOTVIE-91~G0 INMC-VIZH/E6¥2C/dSL/DYO3

bw 90 yBw g0 8|lie|oA-twieg (oypi0) euszuaqoiolyola-z‘}

ajlEIoN 81e1e0y JAUIA

«:l/6n £°08 B2z (1) yBbweiz (1) ybw g Bn o yong 8}11eIoA eusyjjeoiojyou)

(1) yBw g1 oiNeIoA seuey}eoIo|yolL

vbw Ly ybnzg (1) ybny¥e (1) ybw 909 NG TY euedoidoloyag-g' L-suen

yBw o} ybw o} o[nejoA sousjAX e10)

«siiBngg'g »«i/Bu 008 (1) y6n o¥8 (1) yBu 825 ybno ung ©IeIoA euayjeoiojyoeie}

(1) yBw 2g'6 8|neIoA seueyleoIOjyoBNe ]

ybuw Lo yBw Lo e|NejoA oualig

ollejoA eusihd

8U0QJBO0IPAH

»ul/Bu Lie »2l/BUBZ o[NejoA anewoly Jesjonukjod

ybwge (1)Bwege (1) yBw g0 e{llejoA lousyd

o|eIoA suelyjueueyd

o111BIoA eplIojyD suelkpepy

ojliejoA euaikd(po~gg' | Jouepu)

«slBn Lg1 »sl/Bu 081 (1) yBu g ejiejoA saueyleuio|e

(1) yBn gzt (1) yBn o8e o{IBIOA sleyieofeH

vbn v ybn 2v (L) yBw ge'e ajne[oA susyjurION|4

yOw gz'¢e yBw ¢y (1) yBw zg yBw L0 yBw £'0 8|liejoA euszueg Ayl

Oli18jOA sueylswolojyosowoiqiq

vBuw -y bnzg (1) 1Bn vve (1) ybw go'g ejiiejop euedoidoiopyoig—g' L1-s1o

enejoA eusyjewoio|yo

«s BN L'SL «aBngLo (v) 6w v2') (1) ybw e’ WH.L 0L CININTY WwiojoIolyD

8|lEIoA auBYe0I0|YD

1Bw L0 yBw L0 o|iejoA (ouow) euszueqoiolyn

(1) 60 o5 (1) BN 052 e]lieloA seuszueg pejeulioyo

Ao uoysebuj enjea anfep {(9)sogL (e) @ (e) adA) lejoweieg
uondwnsuo)d ysiq oluoIyn 8oy leon leon s0gl |eAe7
ysly pue se)epm jene] oA |ene uBuU|WBRUOD
(9) yijeeH uBWINY JO UONOA0IY () ey17 onenby JjuBUWBUOY JURUIWEBIUOD  JURUILIBIUOYD wnwixew
10§ BUSYID ANEND J0J8M JO Uo0010id 10} DOMY winwixep wnwixepw winwxep vMas
VMO VMO vMmas vMas vMas

SAHVANV.LS ALINVND H31VM 30V4HNS Tvd3a3d
SHvVHV O1d103dS-TVOIW3ZHO 3AIM 31IS TVILNILOd

c-vIanavi



§-2-v abeg 66¥T2/AMISNLIOVIE-91-S0 INM C-VLIZH/66¥22/dSLIDRO3

8jje|OA~IWBS auojedy
(1) vBn 0zg (1) yBw £y o[ie[OA=|Wes suayiydeusoy
ojliejoA-lWes lousydiAyiew~z-onuig-9'y
(1) yBn o5} (1) yBn.oge olIBIOA-IWISS jousydosiN-¢
einBjoA-IWwes euljIuBOHIN-}
elljejoA-lwes louaydiAyieN-v
(1) yBn oe o|lle|oA-1Weg [ousydiAyiauwi-g-o10j4o~f
eejopA-Iwes 1013 |Kuayd |Ausydoio|yp-
ejliejoA-|weg auljiueoIo|yO-
efliejoA-{wes 1eyisjhueyd |fusydowoig-v
1/6n 20'0 ybn Lo0 e|lBJOA-IWeS euipizueqoio|ydia-g‘c
o|ejoA-lwag ulIUBONIN-E
«ulifnge «BnZL (1ybnose ONBIOA-|WOS joueydolojyoul-9'v's
=OE 8¢ ) olNejoA—-IWes _ocmznoso_:o_._ 1-G'v'2
«sibnie «slBuoLL e|llBjoA-1Wes eusnjoloIMuId~'Z
8jliejop-1Wes lousydoniuia~'z
(1) vBw 21g e{lieloA-1wes loueydidyloung~v‘z
ybwegoe (1) ybngee (1) ybw 202 oje[OA-IWeS jousydooiyola-+'z
ojljgjoA-Iwes jousydoiIN-2
o|rjoA~IWeg 8uljluUBONIN-C
eBjoA~1WeS JousydjAuiepy-z
ajejoA-tweg eusjeyiydeuikipen-z
(1) ybw oz (1) yBw gg'p ellB|OA~IWeS jousydoioyo-z
e[lieloA-Iwes eusjeyiydeuoioyo-z
oliejoA-1Wes 8usZUBqOIOIYILL-b'T |
véngL bng,  emeOA-(WeS (esed) suezueqoioydia-v's
a|iejoA~1wes (B10w) suszueqolo|yoIa-€'}
Aluo uonsebu} on|BA enjep (a) sogl (e) (a) (e) odAL Jejoweled
uopdwnsuo) ysiy dluosy enay 12615 jeod s0dL {onal
ysid4 pue 10)8 M {one] |ene7 leaen jueuwWRIUOD
(o) yyeoH uswINY Jo UoOROBJOIY (o) 8j17 9nenby JUBUIWBUOY) JUBUIWEBIUCD  JuBUIWEIUOD winuixep
10} BUGIID QNBND 1018 JO UoRO0Id 10} DOMY WNWIXBW wnwep winwixep vMas
VMO VMO vmas vMas VMas

SAHVANVLS ALITVND H3LVYM 3OV4HNS Tvd3aa3d
SHVHV J1d4103dS-1VIIN3IHO 3AIM 31IS TVILN3LOd

¢-v Ilavl

‘



9-2-y obed

66YTT/IIMISNLOVI6-91-G0 1M C-VIZHIE62Z/dSLIDROI

ybd 9L vBu 1200 yBueL bngz ollye|op-Iwes uupleiq
a|e|oA-lWeS eueylowoIoyolg
«sl/Bngg’L «slbuge (Lyybwgpy 9|NBJoA-IWes $6UBLNB0I0|YII]
yvbw 9'g ybnooy (1) yBneas (1) ybw gy o|liejoA-Iwes seuezueqgolo|yaig
o[l}B[OA-IWOg ausvsiyiuB{Y ‘B)ZUBGIQ
a|jejoA~leg ueinjozueqi
I/Bn go'0 vbn 1070 ojejoA-IWeg eUIPIZUBGOIOIYDIQ
¥Bn go'0 elljejoA-lweg (3ql) euoqerew 1aa
ybuigo'L 81iB|OA~Iag (2aaq) eujoqeiew Laa
v6d v y6d v2 yBu 11 y6n 17y e[nrjoA-lueg laa
EINTY R TITES loueydoiojyo
i/6u 8p°0 i/Bu 9v°0 vbugy nyg uBng eejoA-Iwes euepiojyn
(1) yBw geg oiheloA-iwes sieeijeoIolD
(1) 6w gy onEjOA-IWeg seusjeyideN peleunoys
e|ejoA~Iwag sieyi3 pejeulioyo
<u: 0S =m: [1]°74 ojlje|oA~-IteS sauezueg pejeuloiydn
«« /BN $6°9 ««l/BU 00V (1) ybuw z'ge ybw o yBng  ejueoA-iuies epuojyorne) UOQIBD
ee|oA-|weg epyjinsiq uoges
olneloA-twes ejefeipydifzueg |ing
IBus o5 yBuw gy ajBIOA-Iweg aereyiyd(iKxeyiAyiz—eisiq
fBw gg°v bn L'be BINBIOA-IWeS leye(iAdoidosiolopyn-2g)siq
«s UONOE'L +sl/BU 08 o|nejoA-IWes 1eyie(iAyiecio|yo—-2)siq
o)ejop-lwes eueyrew(fxoyieoio|yo-glsiq
6jlBjOA-IWeg 104091y [Azueg
ajliejoA-Ies pioy dl0zueg
vbu gs'o ybuzgio ybw gz e|B[OA-IWeS - suipizueg
yng ubne ojiejoA-1weg euzeny
vbueLo0 6u $20'0 ¥énoe a|ejoA-Iwag uuply
¥6n g9'0 1/6n 850°0 ybw gz ybwg L o|e[OA-IWeS ejLIuOKI0Y
Auo uoysebu| onjeA onjep (q) soal (e) Q) (e) edA) lejoweled
uopdwnsuo) ysid 2UOIYD enay {8on [1:1e15} 8081 {eaa]
ysi4 pue i1ejeM [ELGa |one |eAe] jueULRIUCD
(o) yyBOH UBWINY JO UOKROBIOI] (2) 8317 onenby JuBUIWEUOYD JUBUIWEIUOD  JUBUIWBIUOYD wnwepw
10} BUOIID ANenD 10)eM JO UORY8101d 10} DOMY winwiep wnuixepw wnuixepw VMAS
VMO VMO vMas vMas vMas

SAQUVANV.LS ALIMYND H3LVM 3DV4HNS vd3a3ad
SHVHV J14103dS~TVOINTHO JAIM LIS TVILNILOd

c-v Iavl



1-2-v abed 66¥22/dMISNLOTVIE~91-S0 INM'2-V.IZH/E6+L2/dSLID8D3

vbnyeL . ybugo 8|BjOA-lWweg SUILIBIAYIBIPOSOINN
116u L85 y6u ¥'9 8|nBjOA~IWag euWeINgIPosoN
(1) 6w gg's onejoA-IWeg SOUIWBSOIIN
(1) vBn ogi (1) bn ogg B|1BIOA-IWBS sjousydoiuN
vbw g'61 (1) ybw 22 o|lje[OA-IWeS 6UBZUBGOIIN
(1) y6n 029 (1 yBweg o . B]11BjOA-1IeS euejeyiydeN
yBw 10 1IBn£0'0 /Bwi 00 iyBw v0'0 i/Bw 10 ejuejop-lwIeS FLITTETS (N ET]
vBw ozs bwgg (V) yBw L1} 8|lejoA-IWeg euoioydos|
Von L8 yénetr (1) ybn ovg (1) yBn os6 2)1BJOA-JWBS auBlj)ooiojyoexeH
ybngoz (L) bngs (1) ybn £ v o|NBlOA-IWeg euelpejuado|okooiojyoexep
16U ¥ 1y ybu ezl a|nejoA-lwes |eojuyoe] ‘euexeyojohsoiojyoexeH
Bn goo 1én o2 Bngo yénzo /Bny  einvjopA-lUeg  BUIBYD (BUBPUI]) ‘OUBXBYOJOA00I0jOBXEH
VBu L ps ybuggl ajllejoA-Wes Blog ‘ouBXeojdka0iojyoexel
ybu g ¥Buze o|llB|OA-1WeS eyd)y ‘euexsyo|dAo0iojyoexs}y
«sl/Bn 05 «sBuosy (LJybnge (1) y6n 06 sfliejop-{wes eus|peINGoIojyoBXOH
«sBUPLO «uBU2L0 ellBjoA-1Wag 6U0ZUBOIO|YIBXOH
ybno ybngo o|l1B|OA-|Wdg epixod3 soyoerdeH
vbuez o Vbu 820 buge ¥Bnggo ybn o 60 ¢°0 ejnBjoA—IWIeS JopyorydeH
¥Bn g1 yvBnglo yBw L4 BwoL'0  ejejoA-lwes soueyjowoley
) 8|NB|OA-IWeg auelon|y
a[lejOA-IWeg sUA) UIPU]
wbn by gz ¥Bn gL o yBnz'o  ejeloA-twes uupu3
o|ejOA-IUWIeS ejejing uej|nsopuy
8jliBjOA~lWeg 1l ugjinsopuy
yBn st vén p2 /Bu gg ybn zz'o ojljejoA~-IWes | Uejinsopuly
Bs 1 8s i v6d o1 vBnio0 o|NBjOA-IWeg uxolq
8[(1B[OA-{Wesg apeppyydifioo-u-I1q
yBw gL Bnosz (1) BN oz {1) ¥Bn ogg 8|iyejoA-|Wos suenjoloniulq
oflig|oA-lweg apeeydiling-u-1g
ez vBw e 8|)BJOA~ WS ejeyydifineung
gt i/bw 058 o|NejoA-Iuleg erejeyydikyielq
Auo uonsebu| enjeA enjeA (9) sogl (e) (q) (e) adA| Jejowieled
uopdwnsuoy ysi4 ooiyn ejnoy [eon feon s0gl oA
ysiy pue 1eyem leAe [ECy] |ene] JUBUIWEIUOD
(0} YiBOH UBWINK jO UOHVBIOId {0) e} onenby UBUILBIUOY JUBLIWEBILOD | JUBUILBIUCD wnwixew
10} Bue}In Ajjenp 1ejem JO UOH98}0Iy IO} DDMY winwixep wnwixepy wnwixepw vYMAS
YMO YMO vmas vmas VYMas

SAHVANVLS ALIYND H31YM 30V4HNS 1vH3a34
SHVHY J14103dS-TVOINIHO 3aIM 3.LIS TVILNILOd

¢-vdiavl



a-2-v ofied 66+Z2IdMISNLOVI6~91-S0 INM'Z-VI2H/66¥2S/dS IO

9861 ‘eI anenby Jo uopoelold 104 BUSILD AlenD ‘Vd3 ()

{925€ Y4 95) 2661 '0€ AInf 8ANOsy® ‘8iNY Bl ‘Ev) PUB ZFL ‘LYl Sled H40 Op ‘suoieinBoy isiepm Bupjuuq Asepuodeg pue Aiewiid jeuohieN vd3 ()

{0661 A=l JO $B) £F) HID OF PUR Ly| WD OF ‘suoneinbey 1eyep Bupjulig Arepuodeg pue Arewid [euolieN vd3 (e)

“IAjwe s  Peeaxe 10U ||BYs MOLIeW BUO( O} sjuejeAinbe 8sop [enuuR Jlay) JO wns oy} Jueseld ele wWNKL) pue pg-winpuons yoq j (s)

(posn Hd g72) eueluo uepuadep HA (v)

BLe)I0 Juepuedop sseupiey (g)

8URBYIBUIOIOYIOLUOI]IP ‘BUBLBWOIO|YIIPOWIOI( ‘WICJOWOI( ‘WI0J0I0[YD sateylawaleyi {810} ()

(1307) 19A8] s106j0 peAlssqo 18emoi 81 pelueseld enfea padojeaep Jou Lo (1)

ssueijowojeyl) jej0) = WH1

oyioeds seloeds = g5

10V Jelem Bupjuug ejes = yMAS

WY lejem ues|o = YMO

BUBINY A)|BND J6]BM Juelquiy = DDMY

*JOAS) %81 §—01 O\) 81 pajuasald onfeA "sjeAe] jsll eeiy} 10} peuodai suaBouidied 10j BUSILO YleaY uewny = ,,

$0Q 1 8i0jeiey) ‘|oA8| JUBUIWEIUOD WNWIXBW AIBpUCDeS = ,

318V4 40 NOLLVNVIdX3

»uliBn G285 «ulBn g én o yBng  e|nejopa-iweg opuoIYD JAUIA

wbuges o yBu 120 ybuzo ¥bngLo ubneg 8]lie[OA-{eg eusydexoy,

VBw pzy yow gyl () yBuigzy yBw vbuw i elie[oA-lwes euenjo],

s|lejop-tues suizewis

(ubng (1) yBn ove ejle|oA-lwes 816183 ajeleyiyd

ybwior (ubngy (¥) 116n 02 TS {ousydoioyorjued

(1) yBw 1y (1) vBw y2 2 ajnBlop-lwes seuBL)3 pejeuliojyoeiued

1/6d 6L vbd 6L vBu vy bnog wbno bngo e|NBjOA-IWeS 8990d

ajljejoA-Iweg sujwej£doidip-u-1p-0s0NIN-N

ve /B0 101 «s /BNEY CINT YRR eujwelusaydiposoniN-N

véne1e /bu gL 8|ejoA-Iwes auipljosAdosoniN

yBn gy yBuypl ojNe|OA-IWes oulWEBAYISWIPOSOINN
Auo uonsebu) enjep onjep () sogl () (a) (e) adA} lejowieled

uopdwnsuon ysi4 sioyo ejnay {eon |80 sDgl [CLa]
ysi4 pue Jojem jone" |one" leae jueujweuoD
(o) yywe uvwng Jo UoKIBI0IY (o) 8317 onenby JUBUIWBILOD JUBUIWIBIUOD  JUBLILBIUOD wnuwixew
10} BLSIUG AYjBND J01BM O UORDB)0I 10} DOMY wnwixep winwixepw winuixepy vMas
YMO YMO YMQs vMmas YMAs

SAHVANVLS ALNVND H3LVM 3OV4HNS Tvd3a3d
SHVHV JI4103dS-1TVIINIHO 30IM 31IS TVILNILOd

¢-v Iiavi



|~€~v obed 66FZT/AMISNLOVIE-52-L0 IHM'E-VLIZH/E6VZT/dSLIORD3

SAL SAL y6n 0oL ¥Bn 11 yBn g9y el IA WnjwoIyo

/Bn o5 ¥6n ool SAL SAL feleN 1l wnjwoiyy
elein WNRUoHD
elen wnioey
SAL SAL i/6n ot SAL SAL re1eiN wniwpe)
I/6n 001 el wnyjilieg
feley wnyeg

1o A Oluessy

jelepy 1l oluesiy
v6n o5 yBnoor  yBnosy  ybnoge 2lo sluesiy
reop Auowuy
ybnost  ybnoge el wnuiwinly
yBwosz yBw ogz uojuy egjing
uojuy wnjssejod
ybuw | ybus | yBui o1 ss s$ uojuy OWMN sB N
_ uojuy OJLUN+OIBINN s® N
ybwol  yBuwiol vBut oot uotuy elenIN se N
uotuy apuon)4
ybneg ybng uotuy opLo(yo
uojuy ejeuoqie)
uojuy e)euoqieoig
fo1B21pU| 8plog peajossiq [Bl0L
seaibep og seaifep og lelaweled piel4 einmeiodwef
jeleweied pjold e3uRONPUOY) SY|dads
6-5'9 6~5'0 0'6-5'9 06-5'9 lsjeuiered pietd Hd
yBwog ybwog yBwog ybwog ybuog leleuweied pjoly uebAXQ penjossiq

HO UM YD UBWIOA  en(ep enjeA  spiepuvlg uoysebyj {2) (e) @ @ anjep enjeA (2) otuebBo edA] Je)ewieied
o1uoIyn anoy aptjonu ol gy plepuels anjeA enjeA JUosYD anoy ~UjoSBOoUON
=0ipey 2 ysi4 sejqe] jeam) auoyo oaynoy \o_ccucc_ohao
aelqel Oeiqey ~{natby g'v sejqey
sepljonuolpey (8 (1) 11111 seyqeL ej1 onenby
Z9o|gqel qel ucoEomm weansg ge|qej
O0DM/HAD O0DM/HAD
(2)(q) sprepuelS ANjenD 16jeA\ PUB UOHEIYISSE|D WIBSNS § ¥} ¥ Juswibeg (e) sprepuelg epmelers

SAHVANVLS ALNVND H3LVM 30V4HNS 31VIS
$O8.L/SHVHY JI4103dS-TVIINIHO 3AIM-3 LIS TVILNILOd

€-vIiavl

l ) A k !



Z-¢-v ebey

66¥2ZIIMISNLOVIE-SZ~L0 $HM E-VLZHI66¥TC/dS1/D%03

nodst opijonuoipey 0v2+6E¢+8EC WniuoINid
modsoo  110dso0 epljonuolpey wnuoinid
11od 61 nodg epljonuo)pey elog 801D
1nod 1} mod £ epijonuoipey eydjy ssoip
nodos  1nodos yiod og epijohuoipey y€1 wnised
eplonuolpey L€ wnise)
\nod oe epijonuolpey pg wnolswy
1nodgo'0  vodsoo epljonuoipey wnopewy
SAL SAL ybw o2 SAL SAL fele ouz
2] wnpeuBA
feie uesbuny
leloiN wnjuel
feioN uy
ybngi lelely wnijeyt
e uinipog
SAL SAL SAL SAL fe1ey leAlls
vén ol bn o2 vbnzL  Bngey el wnjueles
SAL SAL Bn 002 SAL SAL feley 149N
=N winuapgklon
{78u gt ¥Bn L0 vbn vz rele Ainosey
(s) bn og ¥Bn 002 ybw {elop eseuebuepy
fe1oN wnisaubew
SAL SAL i/Bn ool SAL SAL L2004 pee
(s) yBn ooe ybw | e1oN uolj
yéng ydng ¥Bn a0z ong bng Qe eplueko
SAL SAL /6n 002 SAL SAL fe1ey 1eddo)
e N eqod
D INUBM O UBWOMN  enjBp enjep  splepuels uolsebu| [F4) ®) (@) (2) onjep enjep (2) oluebo odA| 18jewBieg :
olosYyo eynoy eplonu lelem a'v prepuelg enjep enjep o1uoIyn eJNoy  —UI2IBOUON
-oipey P ysiy sojqel [210] oluoiyn enoy JoueBouoren
gelqeL Oeqel ~InaLiby 'y sejqel
sepljonuotpey (8) (1) 'y sejqet oj17 anenby
Z 9iqey qe] jueuwibeg weeng Qojqe)
J0DMWHQAD ODDM/HAD

(£)(q) sprepuels Ajijend 1ejepp pue uoneIYISSEID WRBAS § % ¥ Juewbag

(e) spiepuelg epimoreis

SAHVANVLS ALIMVND H3LVM 30V4HNS 31VIS

$08.1/SHVHYV JI4103dS-TVOINIHO 3aIM-31IS TVILNILOd

£-v 3789v.L



£-¢-v absd 6692ZIIMISNLOTVI6-S2-L0 M E-VIZH/EEHZL/ISLIOROI

ejlejoA euayiueiony(lozueg
8jiiBIoA euejhiod(i'y'Blozueg
oflelop austjueiony(qjozuey
CILILTN euelid(e)ozueg
o|liB|IoA eusdeIuB({B)OZUBY
ybng ybwgg yéng 8[l1BIOA euezueg
8|nejoA auojedy
o[BJOA euourluad-z-Ayle N~
e[BjoA euouexeH-g
CINITY suouBing-g
/6y 09g Vbw g Bueg I/6u 095 oIBIOA euedoidolojyoig-2g‘t
1/6n oL 18n oL 8[lBIOA (suen) susyisolojyang-z't
ubn oz ¥Bn oL eiejoA (s10) sueyjeoioy21g-g‘4
ybng VyBw oz 6w gL ybng o{lleoA euBY1e0I014yoIa-2'}
/Bu 009 vBu 009 (g) BN 82 ybw p'6 (9) ¥Bn 8z 6|NejoA eueBY180IoIYIML—2 1 L
ybu oLk /Bu 0£1L bw g 8|l1ejoA euglpeoio|yoenel-z‘'z'1't
6n 002 ¥bn goe Bli1BIOA euBYle0I0jyIU L~ L'
ybn £ von £ 8]lBIOA euayjeoioyaig-1'L
8|ejoA euByle0IoIyIa-L L
nod ok nodg 1od oy SAL SAL epjjonuolpey (ie101) winjueln
apljonuolpey 8€2 winiueln
eplonuolpey GEZ wniueln
oplonuoipey YES+EET Winjuein
inodoos  1iod oos 11od 000°02 epjonuoipey wnnuy
111od 09 epijonuolpey 282+0E2 whuoy
1nods 1nodsg 1odsg epljonuolpey 06 Wnhuosg
nods eplpnuoipey 8¢g+g9ce wnipey
WO INUIBM “¥O UBWIOM  8NjeA enjep  sprepuels uolnsebuj @) €) @) (t4) enjep enjeaA (2) oluebo odA) iejoweled
oluoIyn eynay epijonu 1ojem av piepuels enjep anfep ooyn 8jndy  —UIdIBJUON
~olpey B ysig so|qe) reimy oluoIyD eJnay jolueBoulosen
aselqey Oeqe] ~jnouby g'v selqe)
sapijonuolpett (8 (1) ‘it selqey, o}1 anenby
Z9o|qe) qe] EoEumw weeis D e|qel
ODDM/HAO OOOM/HAO
(2)(q) spiepuelg AljenD lejep pPuB UOIIBOYISSEID WeelS G ¢ ¥ Wuswbeg (e) spiepuelg epimejels

SAYVANVLS ALITVND H3LVM 30V4HNS 31VIS
$248.1/SHVHY JId4103dS-TVOIWIHO 3AIM-3LIS TVILNILOd

€-v 3navi



r-g-v obed

66+CZ/dM/SNLOVI6-~SE-L0 IIM'E-VIZH/66¥22/dSLID9D3

8[f1e[oA saualfX (8101
vBu 008 6n o} v6noys I/Bw 8Z'S ubn ol o|l}ejoA sueyjeociojyoene]
vbngo ofilejoA seueyjsolojyoene
9|lelOA EIEITAL
o|nejoA auaihg
SUOGIBO0IPAH
yBu g2 ybuge o|nejoA opewolyY Jeejdnuiiod
ybwogz ybBwzol o[liejoA fousyd
8{lJe|oA suajuBULYd
8ll1e|oA apliojyD eusiAyion
S1lBIOA eueiAd(po-g'g‘ | Jouepuy
1/Bu 061 /Bu o6} B|NBJOA seuBljowojeH
8|liejoA slotjeojeH
I/Buwi g6’ 9|}§e|OA susyjueion|d
vBn o088 Bw gg vBn 089 LTI suezueg Kyig
CTLINTN aueyjawolojyoowoiqiq
Bnype |Bw 909 o|lle{oA euedoidoio|yaig-g' 1810
oj1)ejoA sueYylewWoIoND
(¥) ¥6n oo1> ) yBn oo1>
ybneL o ¥bnero WHLWL vbw gL yPwe'se WHLI0L 8jliejon wiojoiolyd
ajej|oA euBY}80IoYD
16n ooe 1/6n oog 8{ijejoA {ouow) euszueqoiojyn
ojBjoA seuezuag pejeulIo|yD
S{1II0A sueyjewowolg
a[l}ejoA unojowosg
8|18|0A sueyjswoloyosipowiolg
O INUBM D UBWION\  enjep enfeA  spiepuels uopsebuj @) ) (2) [F4] enjep enfjep (2) oebo odA] lejewsled
owoyn ejnoy epljonu 181BM a'v piepueis enjep enjep oluoyn ejnoy  —UIDIBJUON
-oipey 2 ysiy se|qs] {einy auoyo enoy Jouebouroien
asiqel Qsejqel ~|nouby g'v se|qel
seplfonuolpey (8) (1) mrw'i seiqey e)1] anenby
2 ejqel ge) uewbeg weens 0 e|qel
O0DM/HAO 20DMWHQO
(2)(q) sprepuelg ANjenp Jejep\ PUe UOlEIYISSB|D) WeenS G @ i juauibeg (e) spiepuels epimslels

SAHVANVLS ALVND H3LVM 30V4HNS 31VLS
$081/SHVHYV O14103dS-TvOINIHO JAIM~-3LIS TVILNILOd

€-v 3iavl



§-€-V obied 66¥2T/AMSNLOTVIE~SZ-L0 1M E-VIZH/E6$TT/dELIOVOT

1/Bn og ejpejoA-Iweg joueydiAylew~g-oIoiyo-v
o]lie{oA-Iwes 1813 Hueyd Jueydoiolyo—v
oJ1ejOA-Huog eul|iuBoIO|YO—
o|lle|OA~1WeS Jeyiejlueyd Kusydowoig-y
yBu o1 6[1B|OA—{Wes sulp{zueqoIoyIla-¢'e
e|lie|oA-1weg euljluecIN-¢
ubngy ybnzgL (@) ydnoe V6N o6 (9) I/Bn 0'Z ejuiB|oA-1WeS joueydolojyolt-9'y'g
(9) /6n 00 (9) ¥Bn 004 eliejoA-IWeS joueydoiojyoni-g'v'e
ojejoA-lweg euenoONUIQ-¥'2
LIRS jousydoniq-v‘z
1wz 8|lie|op-Iwes lousydifyeunia-v's
vbn 1z yBngge yBw zo'e I/6n 12 elnejoA-IWes jousydolojyoig-v's
eifieloA-1wies joueydonIN-2Z
ojilejoA-Iwog sulliuBONIN-2
o|lejoA-iweg jousydiktiep-g
oJlJejOA~IOS eusjeyiydeujAyleN-g
ybw oz yBwsgey 8|lejoA-iules joueydoiolyo-g
olejoA-1Weg euejeyydeucioyo-g
ojilejoA-wes 6UBZUB]OIOIYOUL-¥'T'}
vbngz ybn gL e|nejoA-lweg euezueqolojyolq-v't
v6n 029 I/Bn 029 OINBlOA-iWeS aUezZueqoIojydIQ-£'}
1/Bn 029 yBn 029 ejnejOA-IWeS euszueqoioiydig-2g't
ije|oA 0)8189Y |[AUIA
¥bng ybwerz  Ybwgy ybng o{lvejoA eueyjsoiojyoly
o|lje|oA sauBY)e0I0IYoL L
yBnypz  |Bwgo9 8{1B{oOA suedoidolopyoiq-g*L~suel)
WO INUJEAL ND UBWIOA\  ONnjeA enjep  spiepuels uopsebu) @) () @) @) onjep onjeA (2) auebo edAj JejewBled
luoiyn e)noy oepljonu 18] M\ a9y piepugig onjea enjeA oluoIYD enoy —uloJesuoN
~olpeY R ysi4 sojqe] |einy ouoyo anoy \o_cwuo:_o..wO
aelqelL Oelqel =inauby €'V sejqe]
sepljonuolpey (8) (1) ') sejqe, o} anenby
2 ejqel qe] jueulbeg weang O ejqet
D0OMWHAD 20OM/HA0
(2)(q) spiepue)s AjfenD Jejep pue uoneoyisse|) weells § @ v Wuewbeg (e) spiepuelg epimalels

SAHVANVYLS ALITVND HALVM 3OV4HNS 3LVLS
$08.L/SHVHY JI4i03dS-TVOIW3HO 3AIM-31IS TVILN3aLOd

€-v 31avl



g-g-v abeg

vbd v2

66Y22IdMISNLOVL6-S2-L0 1M E-VIZH/E6YZZ/dSLIORO3

ybdyz  yBn o ybuoL  ybnyy vBn 10 ejnejop-1wiog 1aa
o|lelOA-IWeg toueydoio|yo
yBugyo vBugy'o Bneoo ybugy yBnyZ /Bu 0g elnejop-iwieg euBpioyo
8|HBJOA-IWeg sielejhy[eoiofyo
ojlejoA-Iweg seuejeyideN pejeuliolyd
ejliejop-|weg s1ey13 pejeuliolyo
e|iBloA-lWeg sauoszuUeg pejeulolyn
ybng vbw g'ge yBng ejnejop-iuieg apuojydene ] uogsed
o|NeoOA-{Weg epyinsid uoqied
aBjopA-lweg erejeyydifzueg King
ejBloA-lweg erejeuiyd(Kxeyikyia-g)siq
o|ejop-Iuieg 1ey1o(iAdosdos oiolyd-2)siq
1/Bu zg00'0 (9) 16u 08 (o) /Bu 0g ejilBjOA-1WES 1ee(iAeoio|yo-gisiq
ollieloA-{Weg eurylew(Axoyieoiolyo-g)siq
o[fieloA-|weg Ioyooly |kzueg
ojliBlOA-iUIBg pioy dlozueg
ybuzio yBuzgro ¥BuzZo ybwgg ybu 20 ejheloA-1weg eulpizueg
yéng 8jlejoA-Iwes suizeny
e|iBjoA-IWeg euedBIYIuY
bd ts véd vz Bug ybng yBu g ejnejop-iwes uupy
1/Bu 85 I/Bu 85 ybwgz yBwegz o|lB[OA-|Wag ej1uoik10y
o|liBjOA-IWeg eu0jeoy
yBnozs KBw L) olllBjOA-1Wes euslpydeusdy
olle|oA-IWog toueydikyiew~-g-0nuia-9'y
o|llBlOA-IWeS joueydonIiN-¥
e)lle[oA-IWeg BUIIURONIN-Y
ejlejop-1wes loueydiAyioN-v
WO INURM )D UBIOM  enjep enjep  spiepuelg uolsabul @) (&) ) @) enjea enjea (2) oruebo odA] Jejpweied
Jquoiyo anoy apijonu 1818\ m.< piepuelg enjep anjep oluoIyd ojnoy =uUl348oUON
—o|pey B ysi4 sa|qej lean} oluoyo ejnoy Jouebouroren
geiqel  Oojgel =inouby g'y se|qe)
sepljonuolpey (8) (1) ' seyqey )17 ohenby
Ze|qel qe) ewbeg wesang Qe|qel
DODM/HAD O0DMHAD

(2)(q) spiepueg Alfenp Jejep pue uopedyisse|n weens S p v Juswbeg

(e) spiepueig espimelels

Bl G S A aE EE SN AN R B N ER R O AE wE e e

SAHVANVLS ALIMVND H3LVM 30V4HNS 31V1S
$041/SHVHY JI4103dS-1VOINIHO 3AIM-3 LIS TVILN3LOd

g-v Inavi



L-g-v obeg

66¥ZT/AMISNLOVI6-S2-L0 IIM'E-VIZHI66YES/dSL/O%DI

ybuggl Bugzi ojllejoA-1weg |eoluyoe | ‘euexeyo|daA20i0|yoBxeH
yBu ggL |/Buggl yén 1/6u og bn o2 1/Bn ¢ ejnelOA-lWeS WBE) (suepul) ‘@UBXEUC|0A2010(yoBXaH
1Bu gL Bu g9l e|nejoA-Iwes ejog ‘euexeyo}dhooiojyoexeH
yéuze yBu e jlBjOA-IWes eydjy ‘auexeyo|aho0io|yoexeH
1/bu ogp I/Bu oy vbnpy bnge Bnog  (9) ¥Bn 1 elejoA-lWes eusipenqoIo|yIexsH
yBuzro yBuzgro BnZooO 1/6n 200 elnejoA-IWes eUezZu8goIo|yoexsH
yBu ¢ |/Bu e|nejOA-IWES epixod3 iojyoerdeny
Iy6u 820 vBu geo busg vbuge IBngg o /Bu g8 e|nejoA-twes io|yorjden
ybneLo yBnet'o |Bw Lo vBn 00} efnejoA-Iwes soueyiewoleH
oleloA-1weg eusion|4
euojey uupugz
¥bnzo ybugz ybBnsglo VBnz'0 eneloA-ies uupug
e|BjoA-IWes elejjng uej|nsopul
ejBjoA-lWes 1i vejinsopul
yBnggoo ybngzo e|ejon-1Wes | uejnsopug
VBiet uBigr yBdzzo yButoo ybnioo  BdgZ 0 elneloA-lwes uixoig
8iejoA-1wes eejeyiydifioo-u~-1q
yBnogz  Bn oge |ljBjoA-IWes eusnjojoinuiq
ejijelop-jwes eyefeyiydiQing-u-1g
o|NEIOA~|Wog erefeiydiiipowng
ojllRjOA-1Wes erefeyiydiApeiq
yed 1L vbd 1L ybug ybuer ybngg /Bu g enejon-1weg uupielq
o|18|OA-IWeg eueLjswoloydig
8|ejoA-Iweg 88UBLI20I01Y21Q)
8jljejop-Iueg gouezuaqoio|yolg
8|)B|OA~IWeS euadeiyue(y‘e)zueqiq
o|je|oA-IBS ueinjozueqiq
v6n 100 o|nBjOA-1Wes euipizueqoloyaiq
ubngo e|}EjOA-IWes (3a1) enjoqelews Laa
I/Bw go'L e|BloA-Wes (3aaq) enjoqelew Lag
N0 INUJBM O UBWIONN  enjep enjeA  spiepuelg uopsabuy| @) €) @) (@) enjeaA enjep (2) owebo edA) 18jeweled
oluoIyo e)noy epljonu FL1:7 T av pilepueig anjeA enjep ooiyo enoy  —uloJeouoN
~oipey » ysi4 so|qef resny ooy ejnay JousBouidien
qaeiqel Dejqe] —|noLiby g'v sejqel
sepljonuoipey (8 (LD m'n) sejqey, o) anenby
2 ejgel qe] juewbeg weeng Qalqel
O0DMHAD DOOM/HAD
(£)(q) spiepueig Aljenp Jejep\ pue UOHEBOYISSEBIY WReNS 6 '} ¥ Juswbes (e) spiepuelg epimeiels

T Gy Wl B EBE MR S AN BN BN A AR BN R aE e

SAHVANVLS ALIMVND H3LVM JOV4HNS 31VIS
$08.1/SHvHV Jid103dS-TVOINIHO 3AIM-3.LIS TVILNILOd

g-v 31avi



8-¢-v ebey 66¢TZ/AMISNLOTVI6-52~L0 INM E-VI2H/66¥2C/dS /ORI

] ybwzyg ybwigzy  Bwigyg ejheloA-Iwes euenjoL
vbn ¢ o|lBIOA-1WBS euizewig
ejilejoA-lwieg s10183 eyejeyiud
1/6n 002 on g ybne /Bn 00z einelopA-twes jousydoiojyoriued
S|BIOA-IWSS seueylg pejeuliofyoriued
vBd 62 vbd 6L yBug ybuyy  ¥Bnog VBug ejpejop-lwes $80d
o|BIOA-IWeg sujwe[Adoidip-u-ip-08ONIN-N
vbney Vbney o|llejoA-IWeS eujweKueydiposciiN~-N
yBu gy yBugi ofljelOA-1Wes BulpljoIAdOSOINN
yBupy vBut) o|IB[OA-IWeS SUWEALISWIPOSOIN
ybugo ¥Bugo 8|IB|OA-ItIeS sujwejAYIaIPOSOIIN
Buy'g ybupg o|l}ejoA~-|Wes aunueINGIPOSONIN
o|lejOA-IWeg SeUIWBSOINN
o|ifeloA~|Wes sjousydoniN
yBnge ybw sz  (9) BN G'E elneloA-iWes BULZUBGOINN
yBnogg yBueg ojljeloA~1Wag susjeyIydeN
ybw o yéngo'o VBN 00} 8|NBIOA-tUSS lojyohxoypey
ybuigo't yBw 211 (9) /W G0'L enEjoA-fwes euoioydosj
ubnegy yBnegt yénops  ybnose 8|lIBIOA-IWeS aueieoiojyoexay
/Bn g4 1bn 2'g 6n 2 (9)yBn ey ejnBlOA-IWES ouelprjuedo)a£20i0jyoBXeH
D INUBM D UBWIOAN  Onfep enjep  spiepuels uonsabuj @ ©) t4] (2) enjeA onjep (2) owebio odA| 19joweied
oluoH enoy epljonu ioBM av plepuelg enjep enfep aluoyD andy  —U|9IBOUON
~olpey 9 ysi4 so|qeL eim oluoYD enoy [owebfouroien
aseiqey  OejqeL ~inouby a'v sejqe)
sepljonuotpey (8) (1) n'ir seiqel oj11 onenby
zelqel qe} juewbBes wessls O ojqeL
OODMWHAD OODMWHAO

(2)(q) spiepuelg Aijend isjepm pue LopBoyIsse|D Wvens § @ ¥ Juewbag

(e) sprepurlg opimelelS

SAHVANV1S ALIMVNO HILVYM JOV4HNS 3LVLS
$04.1/SHVHYV O14103dS-TvOINIHO 3AIM—3LIS TVILNILOd

€-v 3igvl



6-g-V ofeg 66¥Z2/AMISNLOVIE-SZ-L0 INM E-VIZH/66¥22/dEL/IO%DT

0661/51/2 pepuswe ! {g61/9/y (8-2001 HOO G) 0'8°€ UIsEq JeAlY (IIH Aows

.:_mum 18AlY :wo__.u:nwm .:_wwm 1oAlY elweieT] .:_wam JaAlY ene|d 'S 10) spiepuelg olUeWNN pue suocpedljisse|) .OOOEIDO SV
(0661/9:0201-100}:92, 1euodey jeluswiuoAug)

6861/0E/6 pepuswe ‘y261/51/1 (8~2001 WO S) 0°}'E spiepuels A)jend 16jeM opeiojoD ‘0ODMHAD (8)

(Kjuo oju0Iyd) spiepuelg jedwey) ojuebio [euUolIPpY :| 8jqeL sepnjouj (8)

(sogl) s|rob e1e spsepuws g Juswibeg pue syyHY 618 spiepue)s ¥ Juswbes (£)

wielsAg uonBuLIOU| %siY peleiBejul yd3 woy Ysu 1eaued g-J0} uo paseq (9)

8]qeieA0081 {810} IO PEBAJOSSIP :UBAID anjeA 1semon ()

SUB15WO0I0)|I0WIOIGIP ‘OURLIOWOIONIIPOUIOI] ‘WLI0JOWO0I] ‘WI0)JOI0JY2 :seueyjewo]eyi) (810 (v)

eju+oenIU Jojf Ydooxe spiepuels Aep-0g ee [y (€)
Vd3 4o 500M/HA0 Aq peuyep se (s70d) sfeae| uonieoynpuenb jeanoeid

Uo peseq JuUsweaIojUS Y)M 010Z S pejaidielul si PIEPUB)S BAIELIBU aY) ‘s2juebio BuLIN00 A|jBINIBU~-UOU JO] SPIEPUBS JLeWNU ‘olloeds Jo aduasqe eyl uj ()
‘pepnjoul jou e18 Ajddns Jejem onseIOD PUE BIOI] JOJEM PIOD ‘8OSN [BUONEBSIISL 10} ||| PUR ‘|| ‘| 88|qe] Ul SenjBA
siejoweied jejew = |} ojqel
si10jewnied ouebioul = || ejqel

siejewnied jeoibojoiq pue [BoisAyd = | ejqe (1)

UOISSIIWOY |04U0) ANi[enD J8jeM = DDDM

{8) ui iy ejqe) 088 ‘(Juepuedap sseupiey) plepuels onfeA ojgel = SAL
seuBylewoleyL) [BI0L = WHL

ayoeds seioeds = g8

yijeeH Jo Jusuipedaq opeio|on = HAD

378YL 30 NOLLYNYIdX3
dng 176n g ejneloA-IWeS opLo|YD IAUIA
ybn g wbugo ¥bngLo ybn 6 e|nejop-jwes ousydexoy
YO INUBM O UBWIOA  enjBA enhjep  spiepusls uonsebul @ () @ @ onjep enjeA (2) owebo odA ) 1o0)ewelRd
auoyo ey epyonu 188 q'v piepuels enjBA en{ep atuoyn olnoy  —UlIBIUON
-oipeYy B ysi4 se|qey ein} ajuosyo 8jnoy Joluabouiore)
aelqel  Oejqel —noufy a'v se|qel
sepjonuolpey (8} (1) mn’) sejqel. oj7 onenby
2 8jqel qe) juewmbeg weeng Delqel
O0DMWHAD O0DM/HAO
_(£)(q) sprepuels AuenD 1eyem pue uojeoyisse|) weells g % v Juowbeg () spJepuejs apimelels

SAYVANVLS ALITVND H3LVM 3OV4HNS 31VLS
$OH.1/SHVHY O1d4103dS-1vOINTHO 3AIM-3.LIS TVILN3LOd

€-v 318vl



APPENDIXB
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APPENDIX B

TECHNOLOGY DATA SHEETS FOR TECHNOLOGIES
WHICH PASSED PRELIMINARY SCREENING

APPENDIX B.1 TECHNOLOGIES WHICH PASSED PRELIMINARY SCREENING
AND WERE SELECTED FOR TREATABILITY STUDIES

Adsorption

Chemical Oxidation of Organics
lon Exchange

Magnetic Separation

Masonry Cement Stabilization
Oxidation/Reduction

Ozonation

Peroxide Oxidation

Physical Separation

Polymerization Stabilization - Epoxy
Polymerization Stabilization - Polyester
Portland Cement Stabilization

Soil Washing

TRU Clean™

TRU/Clear™

Ultrafiltration /Microfiltration
Ultraviolet Oxidation

Ultraviolet Photolysis

Page

B-1.1
B-1.4
B-1.8
B-1.10
B-1.23
B-1.13
B-1.4
B-1.4
B-1.17
B-1.23
B-1.23
B-1.23
B-1.20
B-1.27
B-1.28
B-1.30
B-1.4
B-1.32

APPENDIX B.2 TECHNOLOGIES WHICH PASSED PRELIMINARY SCREENING BUT WERE NOT

SELECTED FOR TREATABILITY STUDIES

Activated Carbon

Air Stripping

Alkaline Chiorination

AOSTRA TACIUK Process

Asphalt Stabilization

Asphalt Based (Thermoplastic) Microencapsulation
Catalytic Dechlorination

Catalytic Oxidation

Electrodialysis

Evaporation

Fluidized Bed Incineration

Freeze Crystallization

Gamma Irradiation
Glassification/Vitrification

Infrared Electric Furnace

In-Situ Bioremediation of Groundwater
In-Situ Bioremediation of Soils

In-Situ Stabilization

In-Situ Vitrification

Land Treatment

Final Treatability Studies Plan
Rocky Flats Plant, Golden, Colorado
EG&G/TSP/22498/R2-B.TC 07-12-91/RPT/2

B-2.1

B-2.3

B-2.6

B-2.7
B-1.23
B-1.23

B-2.9
B-2.11
B-2.13
B-2.15
B-2.17
B-2.19
B-2.21
B-2.23
B-2.26
B-2.28
B-2.30
B-2.32
B-2.23
B-2.35
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APPENDIX B
TECHNOLOGY DATA SHEETS FOR TECHNOLOGIES
WHICH PASSED PRELIMINARY SCREENING (Concluded)

Page

Lime/Fly Ash Pozzolan Stabilization B-1.23
Low Temperature Thermal Treatment B-2.37
Molten Glass Incinerator B-2.38
Molten Salt/Sodium Fluxing B-2.40
Muitiple Chamber Incineration B-2.42
Neutralization B-2.44
Oxygen Enhanced Incineration B-2.45
Powdered Activated Carbon B-2.47
Precipitation B-2.49
~ Radio-Frequency Heating B-2.51
Reverse Osmosis B-2.53
Rotary Kiln Incineration B-2.55
Solvent Extraction B-2.57
Steam Stripping B-2.59
Submerged Aerobic Fixed Film Reactor B-2.61
Supercritical Water Oxidation B-2.63
Surfactants B-2.65
Thermal Oxidation B-2.67
Vacuum Extraction (and Steam Injection) B-2.68

Final Treatability Studies Pian June 3, 1991
Rocky Flats Plant, Golden, Colorado -2
EG&G/TSP/22499/R2-B.TC 07-11-91/RPT/2
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ADSORPTION

Description

Adsorption is a term commonly used to refer {o both adsorption and absorption. Adsorption is the
physical adhesion of molecules or particles to the surface of a solid adsorbent without chemical
reaction. Absorption involves the transfer of the molecules or particles from one phase to the other so
that they actually become a part of the other phase (medium). Absorption may be physical or chemical
in nature.

A number of different adsorption processes exist for treatment of metals and radionuclide contaminants
in water. These include activated alumina, a ferrite process, and other processes (U.S. EPA, 1985,
1986a; Schweitzer, 1979).

Activated Alumina: Activated alumina is a porous form of aluminum oxide with a large surface area.
it will adsorb liquids, vapors, and gases. For removal of aqueous contaminants, activated alumina is
typically used in a column similar to that for ion exchange. It has proven to be successful in the
removal of arsenic and fluoride from groundwater (Rubel, 1980; Frankel and Juergens, 1980). Adsorbed
species can be removed by flushing the column with a suitable chemical solution, generating a
concentrated side stream.

Ferrite Process: This process involves the introduction of ferrite particles into a waste stream. Inorganic
contaminants present in the waste stream will sorb to the particles which are then removed by physical
separation. The ferrite process also has the capability of being used in a column similar to ion
exchange.”

Applications

Activated alumina is used to remove small amounts of fluoride and arsenic from potable water and
wastewater (Rubel, 1980; Frankel and Juergens, 1980). The fluoride adsorption process is pH
dependent with optimal removal occurring at pH 5. Research indicates that selenium can also be
removed using activated alumina (Yuan et al., 1983).

Advantages and Disadvantages

Adsorption of metals and radionuclides is a standard technique for removal and concentration of these
contaminants. The major disadvantage to adsorption processes is that they produce a concentrated
liquid side stream resulting from regeneration. [f not regenerated, the sorbent must be disposed as a
solid waste.

Final Treatability Studies Plan June 3, 1991
Rocky Flats Plant, Golden, Colorado B-1.1
EG&G/TSP/22499/R2.B1 07-11-91/RPT/2
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CHEMICAL OXIDATION OF ORGANICS
Description

Chemical oxidation is used to degrade hazardous organic materials to less toxic compounds. A number
of different chemical oxidation processes exist for treatment of organic contaminants. These include
chlorination, ozonation, and treatment by a combination of UV radiation, and ozone, and/or hydrogen
peroxide (U. S. EPA, 1985, 1986a; Wentz, 1989).

Chiorination: In this process chiorine is added to water to oxidize both organics and inorganics.
Chiorine, which is added in its elemental form (gas), chlorine dioxide gas, or hypochlorite salt, is a
strong oxidizing agent in aqueous solutions. The primary use of chlorination has been for disinfection
of drinking water. A potential disadvantage of this process is that the chlorine may form potentially toxic
chlorinated by-products.

Ozonation: Ozone is a strong chemical oxidant that has been used for purification, disinfection, and
odor control of drinking water. Ozone is generated from air or oxygen and is applied by bubbling the
gas through the water being treated. Ozone efficiently breaks down some easily oxidizable organics,
but has generally been shown to be an ineffective oxidant for halogenated organics at reaction times
and concentrations normally used in drinking water treatment. Complete oxidation of organic species
to carbon dioxide and water may require high ozone dosage and long contact times. [f inorganics, such
as iron, are present, their oxidation may inhibit the destruction of organics.

UV/Ozone/Hydrogen Peroxide: The use of ultraviolet (UV) radiation in combination with ozonation has
been found to catalyze the oxidation process and is now in common use. This form of treatment is
accomplished by contacting the ozone and the contaminated water in a closed reactor in the presence
of UV light. The combination of UV and ozone treatment makes it possible to oxidize compounds that
would not be oxidized by ozone treatment only. UV radiation causes destruction or weakening of the
chemical bonds in the organic compounds, thereby acting as a catalyst for the oxidation process.
Hydrogen peroxide can be used in combination with UV light as an alternative to ozone, or all three may
be combined.

Complete oxidation of organics results in the formation of carbon dioxide and water. in waste treatment,
complete oxidation of all the contaminants is difficult and expensive to achieve, so a variety of low
molecular weight organics are formed in the process. Since various degrees of oxidation occur in
complex mixtures, it is important that the system be designed for removal of selected target
contaminants. A thorough characterization of by-products is necessary.
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Applications

Chemical oxidation processes have been reported for dilute waste streams containing aldehyde,
mercaptans, phenols, benzidine, unsaturated acids, and some pesticides (Kiang and Metry, 1982).

The UV/Ozone/Peroxide system as marketed by ULTROX International has been used for pilot-scale
and full-scale treatment of a variety of organic contaminants (Fletcher, 1987; Barich, 1990). In a pilot-
scale test, the system was found to reduce trichloroethylene (TCE) from 200 ug/L to 2.6 ug/L and
carbon tetrachloride from 10 ug/L to 2.9 ug/L. The ULTROX system has been used full-scale for
treating 200,000 gallons of tetrahydrofuran-contaminated groundwater. The contaminant concentrations
were reduced from 5,000 ug/L to nondetectable levels. Groundwater contaminated with TCE,
tetrachloroethylene (PCE), and 1,1,1-trichloroethane at 470, 96, and 166 ug/L, respectively, was treated
to below drinking water standards in pilot studies. Pilot studies were also conducted and demonstrated
the reduction of polychlorinated biphenyl (PCB) concentrations from 50 ug/L to less than 1 ug/L.

Similar systems are manufactured by Solarchem (Ontario, Canada) and Peroxidation Systems, Inc.
(Gardenia, California).

Advantages and Disadvantages

Chemical oxidation of organic contaminants has the advantage that the contaminants are destroyed in
the process. On a cost basis, UV/ozone/peroxide treatment is competitive with GAC treatment. Natural
organics and inorganics may interfere with the oxidation process and increase the oxidant requirements.
Undesirable organic by-products may also be formed.
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ION EXCHANGE

Description

lon exchange can be used for the removal of undesirable anions and cations from a wastewater stream
(Eckenfelder 1989). Catlons are exchanged for hydrogen or sodium and anions for hydroxyl ions. Most
ion-exchange resins used in wastewater treatment are synthetic resins made by the polymerization of
organic compounds into a porous three-dimensional structure. Functional ionic groups are usually
introduced by reacting the polymeric matrix with a chemical compound containing the desired group.
Exchange capacity is determined then by the number of functional groups per unit mass of resin.

Treatment of wastewater by ion exchange involves a sequence of operating steps. The wastewater is
passed through the resin until the available exchange sites are filled and the contaminant appears in the
effluent. At this point, the process is stopped and the bed is backwashed to remove dirt and to
regenerate the resin.

Application

One of the major applications of ion exchange is the removal of chrome from industrial plating streams.
Other anions or cations from wastewater streams can be removed. Macroreticular resins are used for
the removal of specific organic compounds such as chlorinated pesticides and aromatic hydrocarbons.
This technology has been used successfully for the remediation of heavy metals and uranium from
wastewater and groundwater at the Hanford (Weiss 1990) and Savannah River Sites (Sferrazza 1990).

Advantages and Disadvantages

One of the advantages of ion exchange is that the removed product from the wastewater stream can
be recovered and reused or concentrated for more controlled disposal.

Other ions within a waste stream can compete with the ion of interest to remove in the exchange
process thus reducing the capacity. For instance, iron in groundwater competes for the exchange of
more hazardous ions like chromium or uranium.
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MAGNETIC SEPARATION
Description

Magnetic separation removes magnetic or recovers nonmagnetic materials. Magnetic separation can
be accomplished on either wet or dry wastestreams. There are several types of separators that operate
at various intensities, including belt, induced-roll, and drum. The force of the magnetic field is supplied
by either electromagnets or permanent magnets. Utilizing a pretreatment can artificially convert
nonmagnetic materials to magnetic materials. A V-shaped pole opposite a flat bar is the preferred
method for producing a converging field. Drum separators are used for low-intensity magnetic
separation. There are three types of drum separators: concurrent, counter-rotation, and counter-
current. Concurrent drum separators extract an extremely clean magnetic concentrate from relatively
coarse materials. It is often used in heavy medium recovery systems. The counter-rotation type is often
utilized in roughing operations because it can handle occasional surges, hold magnetic material losses
to a minimum, and can handle high solids loading. The counter-current drum separator is utilized in
finishing operations. Typically, it operates on fine materials with particle sizes less than 250 um. Cross-
belt separators are used on dry materials for low-intensity magnetic separation. This separator is used
to concentrate moderately magnetic ores. A disc separator is a modified cross-belt separator that
provides even greater selectivity.

Induced-roll separators are high-intensity separators. They are primarily used to separate magnetic
materials from beach sands, wolframite, tin ores, glass sands, phosphate rock, and iron ores. One
specific type of roll separator is the Permroll. Dry separation is utilized on materials with particles
greater than 75 ym.

Wet magnetic separators for high-intensity fields include induced roll machines and Jones. One type
of induced roll machine is the Gill, which has been effective for separating highly magnetic iimenite from
heavy mineral concentrates. The Jones separator is effective in separating fine hematite ores. Other
applications of wet, high-intensity separators include separating magnetic particles from cassiterite
concentrates, asbestos, scheelite concentrates, talc, flotation tailings, beach sand, and cyanidation
residues.

Another magnetic separation process is Eddy-Current Separation. Eddy currents are currents that are
induced in electrically conducting particles when exposed to a changing magnetic field. The interaction
between the magnetic field and eddy-currents causes a force to be exerted on a conducting particle.
The magnitude of this force is dependent upon the magnetic field, the currents and the motion of the
particles relative to the magnetic field. If a mixture of conducting and non-conducting particles are
passed over suitable magnetic fields, a different lateral particle deflection will result in the two types of
particles being separated. Two eddy-current separators are the Ramp Separator and the Linear Motor.
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Applications

This technology will work with any waste containing magnetic particles that can be separated. The
process can be used on water, slurries, soils, sludges, and sediments.

Removes particles with diameters as small as 1 micron. Flow rates are 100 times greater than ordinary
filtration. When particles get below 0.5 cm, wet methods are utilized instead of dry methods. Eddy
currents remove particles in the range of .1 to 4 in.

Advantages and Disadvantages
This process can reduce the volume of soils requiring further processing and/or treatment.

Disadvantages include the need for extensive materials handling and processing. Fugitive dust
emissions is also a problem.
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V. " Iy =

OXIDATION/REDUCTION
Description

The chemical reduction-oxidation (redox) process involves a change of the oxidation state of the
reactants; one is increased while that of the other reactant is reduced. Common oxidizing agents
include ozone, hypochlorite, and chlorine. Common reducing agents include sodium borohydride, sulfur
dioxide, and ferrous sulfamate (U. S. EPA, 1985, 1986a).

The purpose of redox treatment of inorganic compounds (excluding heavy metals) in water is generally
to break a compound into simpler, less toxic constituents. Examples are the conversion of sodium
cyanide to carbon dioxide and nitrogen using alkaline chlorination and the conversion of ammonium to
nitrogen and water using sodium nitrite (Marin et al., 1979).

The use of redox treatment of waste streams containing metals is typically required to enhance a
subsequent precipitation step. The redox reaction is used to adjust the metal to an oxidation state that
will result in the formation of an insoluble metal salt precipitate that can then be physically removed from
the bulk of the aqueous waste stream.

An example is the use of sulfur dioxide to reduce hexavalent chromium to trivalent chromium, which is
then precipitated as chromous hydroxide. In general, the use of redox in conjunction with precipitation
for the removal of heavy metals is a well established water treatment method.

Applications

A typical redox process for removal of cyanide involves conversion of cyanides to cyanates with a
15 percent solution of sodium hypochlorite at a pH >10. The cyanates are then further oxidized to N,
and CO, with the sodium hypochlorite solution at pH 8.5. Complete oxidation takes approximately 10

minutes (Marin et al., 1979; EPA, 1980). This type of process is common for treatment of electroplating
rinse water.

Reduction of hexavalent chromium to its trivalent state followed by precipitation is a standard process
step for treating chromium-bearing aqueous wastes. The solution pH is first adjusted to a pH of 2 to
3 by addition of hydrochloric or sulfuric acid. A reducing agent, typically sulfur dioxide or sodium
metabisulfite, is then added. After the reaction is completed, the pH is adjusted to 7.5 to 8.5 using lime
or caustic. At this pH, chromium hydroxide has its minimum solubility and precipitates (Lanouette,
1977).
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The use of redox reactions for the removal of trace quantities of uranium and transuranic elements from
groundwater has not been demonstrated. Processes for recovery and purification of uranium and
transuranic elements, however, rely heavily on adjustment of oxidation states. These processes inciude
precipitation as well as acid and solvent extraction. The separation of plutonium from cerium by
extraction with tributyl phosphate (TBP) requires that the plutonium be oxidized to the tetravalent state
without oxidation of cerium to its tetravalent state. Similarly, the separation of plutonium from uranium
requires that the plutonium be trivalent and uranium hexavalent (Benedict et al.,, 1981). Process
solutions typically contain transuranic elements in concentrations orders of magnitude above those
required to meet discharge limits.

The oxidation states and solubilities of uranium and transuranic elements at trace concentrations in
groundwater have been studied by several researchers in recent years (Nitsche et al., 1988; Kim et al.,
1988; Nash et al., 1988; Cleveland et al., 1985). In general, they found Pu(V) and Pu(Vl) to be the
oxidation states of the soluble plutonium species. Presumably, plutonium solubility could be reduced
by reduction to Pu(lll) or Pu(lV). The solubility is enhanced by the presence of carbonate and fluoride,
which form complexes with the plutonium. Americium solubility is controlled mainly by the formation
of radiocolloids.

Advantages and Disadvantages

The use of redox processes has the advantage that often inorganic contaminants may be transformed
into less hazardous forms. The ability to adjust oxidation states of metals is advantageous and in some
cases necessary for a subsequent treatment process, such as precipitation. A disadvantage of the use
of chemical redox reactions is undesirable side reactions. These include the reduction or oxidation of
organics and the production of chlorinated organics if the selected process is chlorination (Rice and
Gomez-Taylor, 1985). The process will also produce a sludge that requires further treatment or disposal.
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PHYSICAL SEPARATION
Description

Soil contaminants are often found to be associated with particular size fractions of soils, most often the
fine particle sizes. Fractionation of the soil based on particle size can, therefore, be an effective means
of reducing the volume of the material that requires treatment. The processes effective for performing
soil size fractionation include screening, classification, flotation, and gravity concentration (U. S. EPA,
1988b).

Screening: This process is the mechanical separation of materials based on their size. This separation
is usually obtained using a uniformly perforated surface. The material is passed over the screen. The
larger particles are retained on the surface and the smaller particles pass through. Screening is usually
limited to particles larger than 250 um in diameter (Perry and Chilton, 1973).

Classification: This process is used to separate particies based on their settling rate in a fiuid, such as
water. A single stage classifier will typically make a single separation, with faster settling materials going
out the underflow and the slower going out the overflow. There are three types of classifiers:
nonmechanical, mechanical, and hydraulic (Perry and Chilton, 1973).

Flotation: The injection of air into a liquid suspension can cause low-density solids and hydrocarbon
solids to float to the surface for removal. This method is used extensively in the mining industry for
concentration of minerals. Microbubbles formed by injection of air attach to particles, become trapped
under larger particles, or become part of flocs. These particles with the attached air bubbles have a
combined specific gravity less than that of water and float 1o the surface (lves, 1984).

Gravity Concentration: This technique uses density differences of materials to effect separation. Gravity
concentration can be implemented using sluices, shaking tables, and the traditional miner's pan. All of
these devices keep the particles slightly apart so that they can move relative to each other and separate
into layers of light and dense materials (Burt, 1984).

Applications

Flotation and other physical separation techniques are used to recover copper, uranium, zirconium, and
magnetite by the Palabora Mining Company in South Africa (Burt, 1984). The method has also been
used for removal of radium from uranium mill tailings in Elliot Lake (Raicevic, 1970). During laboratory
testing, flotation was found to reduce radium concentrations from 290 pCi/g to 57 pCi/g.
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Several soil decontamination processes in the Netherlands use gravity concentration and flotation for
removal of fine particles and organics from extracting agents (Assink, 1985; U. S. EPA, 1988b). Systems
similar to this are in the pilot-stage in the United States (Hazardous Waste Consultant, 1989). Pilot plant
testing at Rocky Flats in the early 1970s (Garnett et al., 1980) showed that soils contaminated with 45,
284, and 7,515 pCi/g plutonium were reduced to 0.5, 12, and 86 pCi/g, respectively, using physical
separation. The cleaned soil fraction ranged from 58 percent to 87 percent of the original volume.

Advantages and Disadvantages
Screening is an inexpensive method for separating particles, but screens are subject to plugging, which

can greatly decrease their efficiencies. The use of dry screening generates dust emissions that must
be controlled.

Classifiers have high continuous processing capabilities and are very reliable, but soils containing clay
or sandy soils containing humus materials can be difficult to process.

Flotation can achieve very high separation rates if the materials are suited to such treatment, but it is
a complex and expensive process.

Gravity concentration is a highly efficient and well proven technique, but it has a relatively low process
capacity.

Wet processes may produce a liquid waste stream requiring treatment or disposal.
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SOIL. WASHING

Description

Soil washing is based on the principle of contaminant removal from soil by washing with a solution.
Washing agents can include water, acids, surfactants, solvents, or chelating agents. Contaminated soil
is excavated and placed in a reactor for mixing with the extracting solution. Sorbed contaminants are
transferred to the liquid phase by dissolving, by forming an emulsion, or by a chemical reaction with the
solution. When extraction is complete, the soil particles are physically separated from the solution, and
the treated soil can be returned to the excavation. The extractant containing the contaminants requires
further treatment for recycling or disposal.

Applications

By selecting the appropriate washing solution, soil washing technology can potentially be used to treat
inorganics, metals, organics, or radionuclides in soil. Application of a soil washing reactor system at
four sites in the Netherlands demonstrated greater than 80 percent removal efficiencies for polynuclear
aromatic hydrocarbons (PNAs), cyanides, heavy metals, mineral oil, and halogenated hydrocarbons
(Assink, 1985). Sail structure and chemistry are important variables in applying the technology
successfully and require evaluation on a site-by-site basis.

Inorganics that can be washed from soil with water include soluble salts such as carbonates of nickel,
zinc, and copper. Dilute solutions of sulfuric, hydrochloric, nitric, phosphoric, and carbonic acid have
been widely used in industry to extract metal ions by dissolving basic metal salts including hydroxides,
oxides, and carbonates. Heavy metals can be removed from soils by complexing and chelating agents
such as citric acid, ethylenediaminetetraacetic acid (EDTA), and diethylenetriaminepentaacetic acid
(DTPA) (U. S. EPA, 1985, 1987¢). Arsenic and selenium removal can be enhanced with the addition of
oxidizers such as hydrogen peroxide (U. S. EPA, 1986a).

Organics that can be removed from soil by water washing include low to medium molecular weight
aldehydes, ketones, and aromatics and lower molecular weight hydrocarbons such as trichloroethylene
and tetrachloroethylene. Other basic organic groups like amines, ethers, and anilines can be flushed
from soil by washing with an acidic solution. Surfactants have been employed to enhance the recovery
of petroleum products and PCBs (U. S. EPA, 1985). Removal of organochlorine compounds by
extraction with a solvent mixture of toluene, kerosene, and octanol was demonstrated in laboratory
experiments on sludges from Rocky Mountain Arsenal (A.D. Little, 1988).

The use of water, inorganic salts, mineral acids, and complexing reagents to extract radionuclides from
soils and tailings was reviewed by the EPA (U. S. EPA, 1988b). These extraction techniques have been
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applied as bench-scale or pilot-plant testing for removal of radium and thorium but have not been
implemented for remediation of a radiologically contaminated site. Water was shown to be ineffective,
removing only 10 percent of the radium and virtually none of the thorium from soils tested. Inorganic
salt solutions, mineral acids, and complexing reagents all showed high removal percentages in some
applications (U. S. EPA, 1988b).

Advantages and Disadvantages

The primary advantage of soil washing is that a variety of types of contaminants can potentially be
removed from soils in a reactor under relatively controlled conditions. The process is flexible and can
be designed for specific mixtures of contaminants, although treatment of mixtures may require multiple
stages using different washing solutions.

Contaminants are not destroyed but are transferred to the aqueous phase. The technology requires a
subsequent separation process for liquids and solids and treatment of the resulting solution for recycling
or disposal. Soil washing may require the addition of potentially hazardous substances as washing

agents. Residual soil washing chemicals remaining in the soil may also be a problem.
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SOLIDIFICATION/STABILIZATION TECHNOLOGIES
Description

Solidification is a process that mechanically binds contaminants to the solidification agents to reduce
the contaminant mobility. The process produces a solid matrix of waste with high structural integrity.
Stabilization usually involves the addition of a chemical reagent to react with the contaminant producing
a less mobile or less toxic compound. Solidification and stabilization are usually used together to
immobilize a waste. Two major forms of solidification/stabilization, pozzolanic-based and cement-based,
have been used extensively to treat hazardous waste (U. S. EPA, 1985, 1986d). More innovative
solidification/stabilization technologies include mixing with organic polymers and asphalt.

Pozzolanic-Based: This solidification method uses materials that form a solid mass when mixed with
hydrated lime. Pozzolanic materials include diatomaceous earth, blast-furnace slag, ground brick, and
some fly ashes. After mixing of the waste and pozzolan, hydrated lime is blended into the mixture. The
resulting moist mixture is packed into a mold and allowed to cure.

Cement-Based: Cements are often used as binding agents, along with pozzolanic materials, to improve
the strength and chemical resistance of solidified waste. The types of cement used for solidification can
be selected to emphasize a particular cementing reaction. Portland cement has been commonly applied
to stabilization of metals. Masonry cement has been tested for stabilization of radionuclides.

Polymer Based: Various organic polymers to produce a stable matrix for stabilizing and solidification
of wastes. This method is innovative. Polymer materials which have been applied include epoxies and
polyesters.

Asphalt Based: The waste may be stabilized by mixing with bitumen a mixture of high molecular weight
asphaitene and malthene hydrocarbons.

Applications

Solidification/stabilization is being used for low-level radioactive and RCRA mixed wastes at the Hanford
nuclear reservation (Sferrazza, 1990). After mixing the wastes with portland cement, fly ash, and clay,
the cemented wastes are poured into specially constructed near-surface concrete vaults that isolate the
cement product from the environment (Collins, 1988). The combination of waste solidification and
placement in concrete vaults is designed to contain the waste materials for at least 10,000 years.
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Record of Decision (ROD) documents for at least seven Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) sites have identified solidification/stabilization as the remedial
technology of choice for immabilization of heavy metal contaminants. These sites include the Selma
Pressure Treating Company, CA; Flowood, MS; York Qil, NY; Chemtronics, NC; Bailey Waste Disposal,
TX; Mid-State Disposal Landfill, WI; and Love Canal, NY.

Various solidification/stabilization techniques have been used at DOE sites throughout the United States.
The 513 Solidification Unit at Lawrence Livermore National Laboratory uses cement, Envirostone™,
Petroset™, and Aquaset™ to solidify liquid wastes. The Los Alamos National Laboratory uses an
in-drum solidification technique for immobilization of TRU solid and liquid wastes. Plutonium
precipitation sludge is immobilized in-drum at Mound using portland cement. The Oak Ridge Facility
uses a fly ash cement to immobilize a treatment pond sludge containing uranium, chromium, nickel,
cadmium, and technetium. Portland cement is used to immobilize waste sludge in Rocky Flats
pondcrete and saltcrete processes (Sferrazza, 1990).

Advantages and Disadvantages

Solidification/stabilization is a well established process for reducing the mobility and toxicity of
hazardous wastes. Solid wastes containing radioactive contaminants are well suited for this process
as it contains and reduces the mobility of the radioactive materials. Solidification/stabilization processes
increase the volume of the treated wastes. Organic compounds, if present, often interfere with the
desired solidification and stabilization process.
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TRU CLEAN™

Description
TRU Clean™ is a proprietary soil washing system that uses a mechanically aquitated gravimetric
separator to reduce the volume of actinide-contaminated soils by concentrating the contaminants. A

volume reduction of 80% has been achieved on plutonium-contaminated coral sands in a Johnson Atoll
pilot plant. Volume reductions of up to 95% are projected after system improvements.

Applications

The process is applicable to soils and sludges contaminated with radionuclides. TRU Clean™ can
operate on-site to decontaminate soils, reducing the volume of radioactive waste.

Advantages and Disadvantages

After processing, there is a volume reduction which may result in substantial cost savings in disposing
of contaminated soll.

The primary disadvantage is that the process is based on a proprietary soil washing system, which
would have to be purchased from a single supplier.
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TRU/CLEAR™

Description

The TRU/Clear™ is a proprietary process being developed by Analytical Development Corporation. The
process is used for the removal of trace levels of alpha-emitting transuranic (TRU) elements from water.

The technology is based on ferrate ion (FeO,?) chemistry with TRU-removal accomplished by
proprietary chemical additives into specific formulations for specific wastewaters. Ferrate chemistry has
been studied for many years, but its commercial application has not occurred due to the inability to
manufacture significant quantities of the material for large-scale use.

The novel ferrate chemistry which is used by this technology operates via a degradation chemical
reaction in which the strongly oxidizing ferrate ion reacts with water to an insoluble hydrated ferric oxide,
hydroxide ions, and oxygen gas:

FeO,? + 0.5 H,0 - FeOOH + 20 OH + 0.75 O,

The rate of this reaction is catalyzed by trace metal ions which may be present in solution. In the
presence of organic or inorganic reducing agents, the rate of degradation and its stoichiometry can be
influenced radically as well. The reaction mechanisms discovered to date during investigation of ferrate
chemistry and application indicate a possible violation of equilibrium solubility behavior as it is
understood today. The experimental results indicated that transuranic metal elements can be removed
using this chemistry to lower concentrations in solution than can be predicated by equilibrium solubility
constants which are empirically measured. It is believed that several mechanisms are operating
simultaneously in the system which contribute to the overall removal characteristics of the technology,
including localized kinetically controlled reactions. These mechanisms are being investigated presently
in conjunction with the engineering development of the technology. The total engineering effect of these
mechanisms and properties is precipitative removal of transuranic elements from wastewater to
unprecedented fow concentrations, not predictable by standard analysis.

Application

The process is used for removing uranium and transuranic elements such as plutonium and americium
from wastewaters. The process uses conventional precipitation and clarification equipment.
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Advantages and Disadvantages

This technology may offer the ability to remove radionuclides to lower levels than achievable with
conventional precipitation processes. Itis also reported to produce much less sludge than conventional
processes.

The primary disadvantage is that the process is based on a proprietary chemical, which would have to
be purchased from a single supplier.

References

Report Summary of Utilization of TRU/Clear™ for Treatment of Waste Streams at Rocky Flats Plant.
Golden, Colorado.

Report Summary of Utilization of TRU/Clear™ for Treatment of Waste Streams at Feed Materials
Production Center. Fernald, Ohio.

Report Summary of Utilization of TRU/Clear™ for Pre-treatment of Wastewater at West Valley Nuclear
Services. West Valley, New York.

Report Summary of Utilization of TRU/Clear™ for Treatment of Low-Level Hazardous Waste Streams at
Los Alamos National Laboratories. Los Alamos, New Mexico.

Final Trestability Studies Plan June 3, 1991
Rocky Flats Plant, Golden, Colorado B-1.29
EG&G/TSP/22499/R2.B1 07-12-91/RPT/2



ULTRAFILTRATION/MICROFILTRATION

Description

This process uses special membrane material in equipment very similar to that used for reverse osmosis.
The contaminants to be removed may first be chelated to a high molecular weight compound to allow
them to be removed by filtration. The membrane material used has a much larger pore size than reverse
osmosis membranes. Operating pressures are much lower, typically 50 to 100 psi versus 400 psi for
reverse osmaosis.

The most recent technology is based on a crossflow element design. In this process, the influent, or
feed stream is separated into two effluent streams; the "permeate” or clean stream, and the "concentrate”
which retains all of the suspended solids rejected by the membrane. Only the permeate actually passes
through the membrane. The feed and concentrate streams flow parallel to the membrane surface,
resulting in the term "crossflow." In this type of element, the solids are swept away with the concentrate,
eliminating or greatly reducing the potential for the element to plug.

Application
The process is applicable to wastewaters that contain contaminants in particulate form. For example,
plutonium is often present as particulates that can be removed by this process. lonic contaminants may

also be removed if they are first compiexed to high molecular weight compounds.

Dissolved metals and radionuclides can also be removed by this process if they are first precipitated
in a pretreatment process step.

Advantages and Disadvantages

This process offers the advantage of improved removal efficiencies over conventional filtration. The
process is easily automated, and pre-engineered package systems are readily available.

The primary disadvantage is relatively higher costs over conventional filtration.
References

Cheryan, M. 1986. Ultrafiltration Handbook. Technomic Inc.

Firal Treatability Studies Plan June 3, 1991
Rocky Flats Piant, Golden, Colorado 8-1.30
EG&G/TSP/22499/R2.B1 07-11-91/RPT/2



U. S. EPA. 1988, QOctober. Guidance for Conducting Remedial Investigations and Feasibility Studies
Under CERCLA, Interim Final. EPA-540-G-89-004.

U. S. EPA. 1989, November. The Superfund Innovative Technology Evaluation Program: Technology
Profiles. EPA/540/5-89/013. pp. 91-92.

Final Treatability Studies Plan June 3, 1991
Rocky Flats Plant, Golden, Colorado B-1.31
EG&G/TSP/22499/R2.B1 07-11-91/RPT/2



ULTRAVIOLET PHOTOLYSIS

Description

Ultraviolet (UV) photolysis is a process that destroys or detoxifies hazardous chemicals in aqueous
solutions utilizing UV irradiation. Also, photodegradation can be applied to contaminated soil matrices
upon proper exposure to the UV source. Adsorption of energy to the UV spectrum results in a
molecule’s elevation to a higher energy state, thus increasing the ease of bond cleavage and

subsequent oxidation of the molecule. Ultraviolet photolysis can either be carried out by an industrial
UV light source or solar UV light concentrated onto a reactor.

Application

Ultraviolet photolysis is used on chlorinated aromatic compounds including PCBs and PCDs, organics,
and pesticides. UV photolysis is used in wastewater, siudges, and soils.

Advantages and Disadvantages
The major advantage of UV photolysis is the reduction of toxicity and volume of a specific contaminant.

A disadvantage of UV photolysis is that the products of the photochemical reaction can be more
hazardous than the original contaminant.
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ACTIVATED CARBON

Description

Granular Activated Carbon (GAC) adsorption is based on the attraction of organic molecules in solution
to the surface of the activated carbon. The adsorption process is dependent on the strength of the
molecular attraction between the carbon and the organic contaminant, the type and characteristics of
the carbon, and the pH and temperature of the solution. Nonpolar organic compounds of low water
solubility are most easily adsorbed (U. S. EPA, 1986a).

GAC adsorption is one of the most frequently used techniques for treating aqueous streams
contaminated with organics. The carbon is placed in columns that are operated until the effluent
concentration reaches unacceptable levels. At this point the carbon has become saturated with the
contaminants and must be regenerated for reuse. The carbon is generally regenerated thermally.
Pretreatment is typically required for removal of oil, grease, and suspended solids.

Applications

GAC adsorption is an effective process for removing a variety of organics from water. It has been
successful for carbon tetrachloride, chloroform, DDT, benzene, acetone, methylene chloride, phenal,
trichloroethylene, and xylene among others (U. S. EPA, 1985). In general, GAC can reduce these
contaminants from mg/L concentrations to low ug/L concentrations.

The Rocky Mountain Arsenal has used GAC adsorption extensively for treatment of groundwater (PMSO,
1987a, 1987b). Contaminants removed include trichloroethylene, dibromochioropropane,
diisopropylmethyl phosphonate, dicyclopentadiene, and various pesticides such as dieldrin and aldrin.

Advantages and Disadvantages

GAC adsorption is a well known and developed technique for removing organic contaminants from
water. The adsorbability varies between different classes of organics, but most of them can be removed
by this method. The major disadvantage of GAC adsorption is that it requires energy-intensive
regeneration or disposal of the carbon, and large amounts of carbon are required for poorly adsorbable
compounds, such as chlorinated volatile organics. Residuals include spent carbon and/or waste
streams from the regeneration process.
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AIR STRIPPING
Description

Air stripping is a proven technology for removing volatile and semivolatile organic contaminants from
water. The process involves transferring liquid phase contaminants to the vapor phase (U. S. EPA,
1986a). This is accomplished by applying liquid to the top of an air stripping column (tower),
countercurrent to upflowing air. The tower is filled with packing that provides a large surface area to
enable efficient mass transfer between the two phases. Contaminants are stripped from water to air
depending on their relative volatility. Strippability is generally evaluated based on the Henry’'s Law
constants of the compounds to be removed. The water concentrations of each compound decrease
as they pass through the column. The removal efficiencies can be increased by increasing the height
of the packed tower or the number of mass transfer units. Process efficiency is also dependent on the
air:water ratio; a higher air:water ratio will improve removal efficiencies.

Since air stripping involves transfer of contaminants to the gas phase, air emission treatment is generally
required. Vapor phase activated carbon systems are most commonly used for this purpose, but other
alternatives, such as oxidation and incineration, exist. The vapor phase treatment unit may be costly.

Applications

The appilicability of air stripping can be determined from the Henry’s Law constants of the compounds
to be removed. Generally, compounds with Henry's Law constants higher than that for chloroform
(H = 2.9 x 10° atm®/mole) are considered suitable for air stripping, but less volatile compounds may
be removed at high air:water ratios. Low molecular weight halogenated organics are easily removed
in this process, while it is somewhat less efficient for removal of semivolatile aromatics such as benzene.
Two of the major volatile organic contaminants in Rocky Flats water, trichloroethylene (TCE) and vinyl
chloride, have Henry’s constants higher than that for chloroform, and the value for tetrachloroethylene
is insignificantly different than that for chloroform (Kavanaugh and Trussel, 1980).

Studies by Fang and Khor (1989) show that removal efficiencies as high as 99.8 percent can be
achieved by air stripping of volatile organics, such as vinyl chloride, carbon tetrachloride, TCE,
1,1-dichloroethane, toluene, chioroform, benzene, and xylene. High removal efficiencies for removal of
these compounds are also reported by the American Water Works Association.'

'Occurrence and Removal of Volatile Organics Compounds from Drinking Water. AWWA Research
Foundation.
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Advantages and Disadvantages

The major advantages of air stripping are ease of operation and high removal efficiencies for volatiles.
Disadvantages of this technology are that efficient treatment is limited to volatiles, and transfer of
contaminants to the vapor phase generally makes costly emission treatment necessary.

References

Ashworth, R. A, G. B. Howe, M. E. Mullins, and T. N. Rogers. 1988. Journal Hazardous Material.
pp. 25-36.

Baker, D. R. and H. A. Shyrock. 1969. Journal Heat Transfer. Trans. AIME.
Bilello, L. J. and J. E. Singley. 1986. J. American Wat. Wks. Association. V. 78, no. 2, pp. 62-71.

Bouwer, E., J. Mercer, J. Kavanaugh, and F. Digiano. 1988. J. Water Poll. Cont. Fed. V. 60, no. 8,
pp. 1415-1427.

Clark, R. M., C. A. Fronk, and B. W. Lykins. 1989. Environmental Science Technology. V. 22, no. 10,
pp. 1126-1129.

Fang, C. S, and S. Khor. 1989. Reduction of Volatile Organic Compounds in Aqueous Solutions
Through Air Stripping and Gas-Phase Carbon Adsorption. Environ. Prog., 8(4), pp. 270-278.

Gosset, J. M., C. E. Cameron, B. P. Eckstrom, G. Goodman, and A. H. Lincoff. 1985, June. Mass
Transfer Coefficients and Henry’s Constants for Packed Tower Air Stripping of Volatile Organics:
Measurements and Correlation. U.S. Air Force Office of Scientific Research.
Report No. ESL-TR-85-18.

Gross, R. L. and S. G. TerMaath. 1985. Environmental Program 4. pp. 119-124.

Kavanaugh, M. C. and R. R. Trussel. 1980. Design of Aeration Towers to Strip Volatile Contaminants
from Drinking Water. J. AWWA, 72(12), 684.

McCarty, P. L. 1983. Removal of Organic Substances from Water by Air Stripping. Control of Organic
Substances in Water and Wastewater. EPA 600/8-83.

Moneada, D. M. and L. J. Thibodeaux. 1980, November. Performance Comparison of a Crossflow
Cascade and Conventional Countercurrent Operation in Packed Towers. Presented at the

Final Treatsbility Studies Plan June 3, 1991
Rocky Fiats Piant, Golden, Colorado . B-2.4
EG&G/TSP/22499/R2.B2 08-14-91/RPT/2



Symposium on Recent Advances in Separation Technology. Am. AIChE Mtg., Chicago, IL.
November. '

Onda, K. H., Y. Tadeuchi, and J. Okumoto. 1968. Chemical Engineering Japan. pp. 56-62.

Rich, G. and K. Cherry. 1987. Hazardous Waste Treatment Technologies. 2nd Printing. Pudvan
Publication Company. pp. 2/38-2/42.

Thibodeaux, L. J., D. R. Daner, A. Kimura, J. D. Milliean, and R. J. Parikh. 1977. ind. Eng. Chem. Proc.
Des. Cev. pp. 325-330.

Thibodeaux, L. J. 1980. Individual Engineering Chemical Process. Des. Cev., pp. 33-40.

U. S. EPA. 1985. Handbook: Remedial Action at Waste Disposal Sites (Revised). EPA/625/6-85/006.
pp. 10/48-10/52.

U. S. EPA. 1986a. Mobile Treatment Technologies for Superfund Wastes. EPA/540/2-86/003(f).
September, 1986.

Versar, Inc. 1986, September. Mobile Treatment Technologies for Superfund Wastes. Springfield, VA.
NTIS. pp. 5/3-5/6.

Wood, D. F. 1990, February. Air Stripping of Volatile Hydrophobic Compounds Using Packed
Crisscross Flow Cascades. Environmental Progress. V. 9, no.1, pp. 24-29,

Final Treatability Studies Pian June 3, 1991
Rocky Flats Piant, Golden, Colorado B-2.6
EG&G/TSP/22499/R2.B2 08-14-91/RPT/2



ALKALINE CHLORINATION
Description
The alkaline chlorination process oxidizes cyanide (CN) by the addition of chlorine. The initial reaction
forms cyanogen chloride (CNCI) and is instantaneous at all pH levels (Eckenfelder 1989). One part
cyanide requires 2.73 parts of chlorine to form CNCI. With the addition of caustic, sodium cyanate
(NaCNO) is formed from CNCI via a pH dependent reaction. NaCNO is then further oxidized with the

addition of chlorine to carbon dioxide and nitrogen. Alkaline chlorination can be accomplished in either
batch or continuous mode.

Application
The principal use of alkaline chlorination is for the treatment of wastewater streams containing free and

complex cyanides. Process streams from mining and manufacturing indicate most usage of this
technology.

Advantages and Disadvantages

The primary advantage of alkaline chlorination is that it is a proven technology which can be applied
to ground and surface water matrices.

The disadvantage of alkaline chlorination is that the reaction is slowed down or inhibited when there is
a presence of organic and oxidizable metals.
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AOSTRA TACIUK PROCESS

Description

The AOSTRA Taciuk process is a thermal technology for removal of volatile organics from solids and
sludges. The AOSTRA Taciuk unit consists of a compartmentalized, horizontal, rotating drum where
volatilization of organics, pyrolysis of residuals, oxidation of coked organics and heat recovery are
sequentially performed in successive chambers of the unit. Soil fed to the unit is warmed in the first
chamber, where volatiles are evolved. Vapors from this step are recovered and condensed. The
resulting condensate consists of organic and water phases which are separated. The soil then moves
into the higher temperature pyrolysis zone, where organics are vaporized and thermally cracked.
Vapors from this step are recovered and condensed. Soil treated in this step is coated with coke. The
coked soil moves into the oxidation zone, where the coke is burned off. The soil then moves to the heat
recovery zone, where heat from the treated soils is used to heat incoming soils. Off gas for treatment
consists of combustion air used to heat the unit and flue gas from the soil oxidation step.

Applications

The process is applicable to soils and sludges contaminated with organic compounds. Most of the
organics are vaporized or pyrolyzed and recovered for disposal. Organics which are not volatile enough
to be driven off in the first step are pyrolyzed (thermally decomposed without oxygen). It is probable
that gaseous pyrolysis products will be more toxic than the original organic contaminants. The degree
of decontamination achieved by the process will depend on the volatility of the organics in the soil.

Advantages and Disadvantages

The main advantage of the AOSTRA Taciuk process is its lower operating costs. The process uses fuel
only to heat the soils and volatilize and pyrolyze organics. The organic contaminants are not destroyed,;
no excess air is used for incineration of the organics. Off gas cleanup costs and fuel consumption are
lower for the AOSTRA Taciuk process than for typical incineration technologies. The technology was
originally developed for enhanced oil recovery from tar sands and is considered proven and
commercially available.

The process produces organic residuals which will require treatment and/or disposal. Since the
recovered organic residuals will be partially products of pyrolysis, it is probable that some constituents
of the recovered organics will be more toxic than the constituents originally in the waste. Applicability
of the process to a particular site will require treatability testing.
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CATALYTIC DECHLORINATION

Description

Catalytic dechlorination uses hydrogen gas to react with halogenated organic compounds at high
pressure. Catalysts are used to promote the reaction. The process produces off gas and a liquid
effluent. The off gas contains hydrogen and hydrogen chioride gas and requires treatment prior to
release. The liquid contains partially dechlorinated hydrocarbons and hydrochloric acid and also
requires treatment.

Applications

The process is applicable to polychlorinated organic compounds in liquids and gases. The waste feed
may require pretreatment to remove sulfur and other constituents which may poison the catalysts.
Catalytic dechlorination achieves partial destruction of chlorinated compounds. The process is
applicable to conditions which require reduction of toxicity of the waste stream. The highest
demonstrated removal efficiency is 94 percent.

Catalytic dechlorination is not applicable to volatile organics, metals or radionuclides. Metals and
inorganics interfere with the process and must be removed before treatment.

Advantages and Disadvantages

The primary advantage of the process is its applicability to polychlorinated organics. Catalytic
dechlorination is useful for reducing the toxicity of compounds such as PCBs, dioxins and
polychlorinated benzenes.

The process does not achieve a high degree of destruction efficiency. It has been demonstrated at the
bench scale and in a prototype commercial reactor, but no commercial operating experience exists.
Catalytic dechlorination is applicable to a limited number of polychlorinated compounds. Effluent from
the process probably would require further treatment. [t is expected that some catalysts used in the
process may be toxic. Costs for implementing the process are unknown.
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CATALYTIC OXIDATION

Description

Catalytic oxidation is used to destroy organic compounds in a gaseous medium. The catalyst lowers
the activation energy of the oxidation reaction so that combustion of organic constituents occurs at
lower temperatures. The lower operating temperature results in lower fuel consumption than for other
incineration technologies. Heat released by oxidation of the organic constituents can be recovered to
preheat gases entering the catalyst bed. If the heat released by the oxidation reaction is not sufficient
to maintain the catalyst bed temperature, supplemental energy, in the form of resistance heat or
additional organics in the gas stream, is required.

Applications

Catalytic oxidation is applicable to a wide range of organic constituents in gaseous media. Most
catalysts are poisoned (deactivated) by sulfur or halogens in the gas stream. However, catalysts which
can be used for chlorinated hydrocarbons have been developed recently. Catalysts have an upper limit
to their operating temperature above which damage to the catalyst occurs. Since the heat of
combustion raises the temperature of the catalyst bed, the rate of heat release must be controlled to
avoid damage to the catalyst. This is commonly done by controlling the concentration of organic
contaminant in the incoming gas stream.

The process is not applicable to metals or radionuclides. Some gaseous inorganics poison some
catalysts. The system is not applicable to gas streams with significant heat value (thermal incineration
or condensation of organics would be better). Catalytic oxidation is not applicable to gas streams
containing particulates.

Advantages and Disadvantages

The primary advantages of catalytic oxidation are its low operating cost and applicability to a variety of
organic constituents. The technology is well developed and commercially available. Catalytic oxidation
can be used in combination with technologies which produce an off gas containing organics.

Catalysts are sensitive to temperature and gas composition. The catalytic oxidation process can be
difficult to control if the gas composition is variable. Relative humidity of the gas stream has a large
effect on some catalysts. Off gases containing halogens or sulfur probably will require treatment for
control of acid gases. it would be relatively difficult to bench test an actual gas sample under conditions
similar to those in the field.
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ELECTRODIALYSIS
Description

Electrodialysis is a membrane separation process that can be used to remove ionic species from a
water stream. A typical electrodialysis cell consists of an anode and a cathode separated by an anion
permeable membrane near the anode and a cation permeable membrane adjacent to the cathode. An
electrical current is applied across the cell. As the water flows through the channel between the two
membranes, the positively charged ions are drawn through the cation permeable membrane to the
cathode. Likewise, the negatively charged ions are drawn to the anode. As a result there is a significant
reduction in ionic species concentration in the intermediate channel containing the treated effluent
(Weber, 1972). An electrodialysis system generally consists of many thin cells stacked in parallel. The
resultant waste side stream of anion and cation concentrated water requires further treatment or
disposal. Periodic cleaning of the system can be performed by reversing the electrolytic potential
across the cells.

Applications

Electrodialysis can be applied as a treatment method to contaminants including metals and inorganics
that are charged species in water. Electrodialysis has been extensively used on a commercial scale for
desalination of water (Buros, 1989). Treatment of metal-bearing hazardous waste streams, such as
plating wastes, is another typical application for electrodialysis (Grosse, 1986).

Advantages and Disadvantages

Electrodialysis is an effective method for concentrating some charged species from a waste stream into
a reduced volume of wastewater. Compared to reverse osmosis, the membranes used in electrodialysis
are more tolerant of the chemical environments of waste streams and are easier to ciean (Buros, 1989;
Grosse, 1986).

Contaminants are not destroyed by electrodialysis, but are concentrated into a lower volume waste
stream that requires treatment and disposal. Pretreatment of some influent streams may be required
to prevent membrane fouling.
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EVAPORATION

Description

Evaporation is used to remove a volatile liquid from a non-volatile liquid or dissolved solid. Evaporation
involves the addition of heat and/or application of a vacuum to volatilize the liquid. The evaporated
liquid is condensed (usually the heat of condensation is recovered to preheat incoming liquid) and
recovered for reuse or disposal. The non-volatile constituent becomes concentrated in a solution of
residual liquid. In some applications, the waste may be evaporated to the extent that solids precipitate.

Applications

Evaporation is used to decrease the volume of a waste to be treated and/or disposed. Evaporation
does not treat the hazardous constituents. Evaporation is applicable to volatile liquids containing

- (relatively) non-volatile solutes, where the solvent and solute are stable at the evaporation temperature.

Organics, inorganics, metals and radionuclides may be treated by this process. The concentrate
produced will require further treatment in most cases.

Evaporation is not suitable for application to cases in which the solvent and solute(s) have similar
volatilities.

Advantages and Disadvantages

The primary advantage of evaporation is that it reduces the volume of waste requiring treatment, thus
lowering treatment costs. Evaporation is well known, mature technology, available from a large number
of vendors. It is applicable to a variety of conditions.

The main disadvantage of evaporation is that it has relatively high operating costs. Evaporation
concentrates hazardous constituents in a brine requiring further treatment.
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FLUIDIZED BED INCINERATION

Description

Fluidized bed incineration uses air blown upward though the combustion zone of the incinerator to
fluidize a bed of sand, or other granular media. The result is a highly turbulent combustion zone with
alarge heat capacity. Waste material, including solids, liquids, sludges or gases, is injected directly into
the fluidized bed. Volatiles are driven out of the waste and oxidized. Inerts accumulate in the fluidized
bed. Bed material is occasionally drained from the fluidized bed to maintain an acceptable pressure
drop across the bed. The operating temperature of the fluidized bed is limited by the softening point
of the inerts in the feed material. If the operating temperature exceeds the softening point,
agglomeration of bed media into particles too large to fluidize may occur. Combustion efficiency suffers
when bed agglomeration occurs to an appreciable degree.

Applications

Fluidized bed incineration may be applied to organics and some inorganics in water, sludges, solids or
gases. Treatment of off gases for control of emissions is required. Wastes containing metals may
require treatment of drained bed media to immobilize the metals.

The process is not applicable to wastes with low softening points. Fluidized bed incineration has a
neutral effect on metals and non-volatile radionuclides, though the technology has been used for volume
reduction of low level radwastes composed primarily of combustible material (such as paper or
graphite). The technology is not applicable to materials containing volatile or semivolatile metals.

Advantages and Disadvantages

Fluidized bed incineration is applicable to a wide variety of organic constituents. It is a well understood,
commercially available technology. The high degree of turbulence in fiuidized bed incinerators allows
them to achieve the same degree of combustion efficiency with lower operating temperatures. Because
of this, fluidized beds frequently have lower operating costs than other incinerators under similar
conditions.

The technology has a neutral effect on most inorganics. It is not applicable to volatile or semivolatile
metals nor to wastes with low softening points. Operating costs are maderately high because of the
power required to fluidize the bed media. Wastes with little or no heating value require addition of
supplemental fuel. Pilot testing is readily accomplished through a number of vendors, but bench testing
is uncommon and of questionable value.

Final Treatability Studies Plan June 3, 1991
Rocky Flats Plant, Goiden, Colorado B-2.17
EG&G/TSP/22499/R2.B2 07-09-91/RPT/2



References

Eid, C. and A. J. Van Loon. 1985. Incineration of Radioactive Waste. Graham & Trotman Ltd.

Rich, G and K. Cherry. 1987. Hazardous Waste Treatment Technologies. Pudvan Publishing Co.
pp. 5/13-5/14.

Sittig, M.  1979. Incineration of Industrial Hazardous Wastes and Sludges. Library of Congress
79-211252.

Final Tresatability Studies Plan June 3, 1991
Rocky Flats Piant, Golden, Colorado B-2.18
EG&G/TSP/22499/R2.B2 07-09-91/RPT/2



FREEZE CRYSTALLIZATION

Description

Freeze crystallization is a general separations process used to remove pure components from solutions
by crystallizing the materials to be removed. This process has been used for applications as diverse
as organic chemical refining and fruit juice concentration, and is also suited for treating hazardous
wastes.

The basic operation involved is the production of crystals by removing heat from a solution. Crystals
produced in this manner invariably have very high purities. Once small, uniform crystals have been
produced, they must be washed to remove adhering brine. The brine is recycled to the crystallizer, so
that as much solvent as desired can be recovered. The pure crystals are usually melted in a heat-pump
cycle, which further improves the energy efficiency of the process.

When one or more of the solutes exceeds its solubility, additional crystal forms are produced, but they
are formed separately from each other and from the solvent crystals. Since in most waste applications
the solvent is water, and ice is always less dense than the solution and the solutes usually more dense,
it is easy 10 separate these crystals by gravity.

Applications

The process works on aqueous streams containing heavy metals, all types of dissolved organics, and
radioactive materials. This technology can also be used to process the liquid stream from soil washing
operations.

The process is economically and technically competitive on very contaminated streams. For example,
wastes with heavy metals require concentration of 1,000 to 10,000 mg/I to be economically recoverable
with freezing.

Advantages and Disadvantages

Freeze crystallization has several advantages for remediation and waste recovery applications. First,
it is a very efficient volume reduction process, producing a concentrate that has no additional chemicals
added to it - if disposal in a hazardous waste landfill, or incinerator destruction is required, this will
reduce these costs substantially. When a large fraction of the solvent (usually water) is removed from
a waste, the remaining impurities often begin to crystallize as well - they are often sufficiently pure to
have by-product value for resale.
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The main disadvantage of this process is its relatively high cost for treating streams with low
concentrations of contaminants. The process is also relatively complex, requiring numerous pieces of
equipment, compressors, heat exchangers, and pumps.
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